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FOREWORD

This report was prepared by Mrs. Helen Hines Maxwell of the Technical
Data Section, Technical Services Branch, Materials laboratory, Directorate
of laboratories, Wright Air Development Center, Wright-Patterson AFB, Chio,

Technical Reports prepered by Materials Laboratory project engineers
(those having no contract number) and Materials laboratory contractors dur-
ing the period )l July 1957 - 30 June 1958 are abstracted herein.

Abstracts of Technical Notes of general public interest and Technical
Reports not previously included are given in this supplement,

This report has been released to the Office of Technical Services,
U. S. Department of Commerce, Washington 25, D, C. for sale to the general
public, To order copies of this report, address inquiries to the Depariment
of Commerce.

Military organizations and prime contractors of the Department of
Defense engaged in research and development should direct inquiries to
Armed Services Technical Information Agency, Arlington Hall Station,
Arlington 12, Virginia,

The general public is invited to submit request for coples of techni-
cal reports and technical notes which are abstracted herein to the Department
of Commerce. Only submit requests for reports that state 0TS release,
Military Organizations and prime contractors should submit their requests
with the ASTIA doocument number to the Armed Services Technical Information

Agency.

The author is greatly indebted to Mrs. loulse Maguire, Mrs Delcenia M,
Yates and Major Morris N, Myrick for thelr assistance and counsel in the
preparation of this report.
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ABSTRACT

Three hundred and three (303) technical reports and technical notes
written during the period 1 July 1957 - 30 June 1958 are abstracted herein.
These reports cover the following areas of research: Adhesives, biochemistry,
electronic materials, materials physics, metallurgy, packaging, petroleum
products, plasties, protective treatments, rubber and textiles.

A contractor index, investigator index and a numerical index of all the
technical reports and technical notes issued during the period March 1923 -
1958 are provided.

PUBLICATION REVIEW
This report has been reviewed and is approved.
FOR THE COMMANDER:

MORRIS N. MYRIGK

ey L2y
Major, USAF

Chief, Technical Services Branch
Materials laboratory
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I, TECHNICAL REPCRTS AND TECHNICAL NOTES 1 JULY 1957 - 30 JUNE 1958

ADHESTVES, STRUCTURAL

WADC TR 53-126 Pt IV July 1957
ASTIA Document No. AD 13088}

SUBJECT ELEVATED TEMPERATURE RESISTANT MODIFIED EXPCXIPE RESIN
ADHESIVE FOR METALS
INVESTIGATOR: Marguerite Naps

CONTRACT : AF 33(616)-3347
CONTRACTOR: Shell Development Company
ABSTRACT: Metal to metal adhesives which are useful at temperatures

up to 500°F, primerily on stainless steel, have been studied. The most
promising formulations are based on a solid polyepoxide designated as Ex-
perimental Resin Xe131, This material is used in organic solvents for the
preparation of supported adhesive tapes with a glass fabric carrier, The
adhesives are cured at elevated temperature (330°F) and usually at 100 psi.
Bonds to type 301 steel are characterized by brittleness and mediocre repro-
ducibility.

An adbesive (Formulation No, 1236) based on a combination
of Experimental Resin X-131, EPON®) 1009 and Formvar 15/95 E (polyvinyl
formal) appears to have the best thermal stability on aging at 500°F of any
of the formulations investigated, The adhesive contains aluminum dust as the
reinforcing filler and is cured with diaminodiphenylsulfone, Shear strength
at 500°F on 301 steel is 1200 psi after 200 hours exposure at 500°F and
about 800 psi after 400 hours exposure at 500°F, Strength retention on
rapid heating is mediocre, however. The shear strength decreases from about
4000 psi to 530 psi as the text temperature is increased from room tempera-
ture to 500°F, Postcuring the bonds at L,OO°F improves the hot strength
slightly to about 800 psi,

Exploratory investigations of adhesives based on ten new
experimental resins were unsuccessful for the development of a formulation
which is superior in heat resistance to Formulation No, 1236, Several
promising paste-type end hot melt adhesives comparable in bond performance
to X-131 resin adhesive tapes have been evaluated briefly., The new experi-
mental resins are similar to Experimental Resin X-~131 in brittleness and
are characterized by a slow rate of cure with conventional curing agent
systems,

Manuseript released by author September 1958 for publication as a WADC
Technical Report.
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WADC TR 54-447 Pt II July 1957
ASTIA Document No. AD 130879

SUBJECT: WEATHERING OF ADHESIVE-BONDED LAP JOINTS OF CLAD ALUMINUM
ALLOY

INVESTIGATOR: H, W, Eickner

CONTRACT : DO 33(616)56-9

CONTRACTOR: Forest Products Laboratory

ABSTRACT: Lap~-joint panels of clad 2024~T3 aluminum bonded with nine

metal-bonding adhesives were weathered at Panema Cansl Zone; Fairbanks,
Alaska; Miami, Fla,; State College, N, Mex; and Madison, Wis. Panels were
exposed while stressed in bending and while unstressed. Test panels were
also exposed to several laboratory conditions,

Three of the adhesives (2 epoxy resins and a phenolie-
neoprene-nylon) were deteriorated seriously at the Canal Zone and Florida.
Exposure at the other 3 sites was much milder, and only some stressed
epoxy~-bonded panels failed at these sites., Through 1 year, conditions at
the Canal Zone caused greater bond deterioration than those in Florida,
After 3 years, however, the deterioration was generally worse in Florida,
end this exposure caused 2 other adhesives (nitrile-rubber type) to dete-
riorate. Stressing the bonded panels over bending fremes generally accel-~
erated the deterioration of those adhesive bonds that were subject to
deterioration,

Laboratory exposure to salt-water spray or exposure to
continuous or cycliec conditions of 120°F and 97 percent relative humidity
promoted deterioration in the same types of bonds that deteriorated fram
weather at the Canal Zone or Florida sites,

In general, the adhesives that performed well in these
exposure tests were types that have qualified under the applicable Military
specification, while those that showed appreciable detericration have not.

WADC TR 55-87 Pt II February 1958
ASTIA Document No. AD 150989

SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
INVESTIGATOR$ Samuel N, Muchnick

CONTRACT AF 33(616)=2347

CONTRACTOR: The Franklin Institute

ABSTRACT 3 A preliminary investigation of the effectiveness of mild

acidic or besic solutions of wetting agents for treating metal surfaces
prior to adhesive bonding shows that the strong acid solutions presently
in use may possibly be replaced by these milder solutions. Joint strengths
approximating the values obtained with strong acid solutions have been ob-
tained with aluminum, stainless steel, and titanium. The pH, concentration
of components, and ionic type of wetting agent are specific for each type
of metal,
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Additional correlative tests were developed for evaluating
surface treatments, The interfacial contact angle between oil and water on
the treated surface shows a greater sensitivity than the contact angle in
air, and makes it possible to differentiate between two treatments that
give zero contact angles against water., Contact resistance and hydregen
overvoltage measurements can be definitely correlated with the contact
angle measurements., The contact resistance measurement which also evaluates
the effect of oxide thickness appears to be a useful instrument for indus-
trial application,

A study of the role of the adsorbed film on adhesive be-
havior indicates that the more reactive metals, aluminum and magnesium, are
more sensitive to differences in the chemical structure of the film. There
is alsoc an indication that these films may affect the adhesional character-
istics of same type of bonding agent,

The temperature of the rinse water following treatment of
aluminum is shown to be important in the adhesional characteristies of the
metal, Reproducibility and specificity of attractive forces between ad-
hesive and metal were investigated, and it was apparent that the material
and procedural parameters must be studied along with specific affinities
in an adhesive system,

WADC TR 55-87 Pt III September 1957
ASTIA Document No, AD 131093

SUBJECT : TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
PART III, Contact Angle and Contact Resistance
Devices for Quality Control

INVESTIGATOR: Richard H, Hollinger

CONTRACT: AF 33(616)-2347
CONTRACTOR: The Franklin Institute
ABSTRACT: Two instruments have been developed far quality control

use to determine whether surfaces of metals have been adequately prepared
for adhesive bonding, The contact resistance apparatus measures the break-
through voltage of a surface film at a given voltage, The contact angle
apparatus measures the angle of contact between a drop of water and the
specimen surface,

WADC TR 55-87 Pt IV February 1958
ASTIA Document No, 150993

SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
INVESTIGATOR: Harry Ge. Bickford

CONTRACT : AF 33(616)-2347

CONTRACTOR: The Franklin Institute
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ABSTRACT: The scope includes the development and evaluation of mild
surface treatments for clad aluminum alloy, stainless steel, and titanium
alloy and investigations of the critical factors involved in the treatment
of magnesium alloy. Methods of evaluating the degree to which a surface
has been cleaned are discussed with regard to the ease of conducting the
tests and with regard to their reliasbility, Effects of electrical potenw-
tials, strong alkall and acid exposure of treated surfaces, and time delays
between treatment and priming of the surfaces on bond strength are subjects
of discussion, Results of radiocactive-tracer work using isotopic chromium
ars used to lay a basis for a theory of bonding,

WADC TR 55-87 Pt V February 1958
ASTIA Document No. AD 150998
SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BONDING
INVESTIGATOR: Edmund Thelen James B, Drew
Richard Hollinger Charles J, Varker
Thomas I, Haigh, Jr. Wallace E, Frank
CONTRACT: AF 33(616)-2347
CONTRACTOR: The Franklin Institute
ABSTRACT: The scope includes analysis of strong and mild surface

treatments for c¢lad aluminum alloy, stainless steel, and titanium alloy and
of the best treatment for magnesium alloy. Reaction of bonded surfaces to
sand and vapor blast treatments 1s analyzed. The resistance of the treat-
ments to salt sprey are evaluated, Field-repair treatments are discussed
and results of tests tabulated, Quality control instrumentation is outlined.
Application of d-c¢ potentials to bonded surfaces was determined to be dele-~
terious, Radio-tracer studies using isotopic chromium provided valuable in-
formation regarding the role of chromium ions in metal surface preparation,
A means of providing continuous indication of bond strength during the life
of the plane is suggested.

WADC TR §5-87 Pt VI February 1958
ASTIA Document No., AD 150999

SUBJECT: TREATMENT OF METAL SURFACES FOR ADHESIVE BMDING
PART VI, Summery of Methods
INVESTIGATORs Richard Lindsay, Jr.

CONTRACT: AF 33(616)-2347
CONTRACTOR: The Franklin Institute
ABSTRACT: Methods for surface preparation or stainless steel, titani-

um, aluminum, and magnesium for adhesive bonding are contained in this sum-
mary. The treatments are those that were found to be most promising when
used with certain adhesives,

WADC TR 53-373 Sup 5 I
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WADC TR 55-C271 Pt III April 1958
ASTIA Document No. AD 151107

SUBJECT : RESEARCH ON ELEVATED TEMPERATURE RESISTANT INCRGANIC
PCLYMER ADHESIVES
INVESTIGATOR: Harcld H, Levine

CONTRACT : AF 33(616)-3824
CQNTRACTOR 3 Quantum, Incorporated
ABSTRACT : Attempts to prepare heat stable msterials for formulation

with the ammeline-phosphorus pentoxide inorgenic adhesive are deseribed.
The two approches deemed as most promising were epoxysilicon snd epeoxy-g-
triazine ccmpounds,

The synthesis and preliminary evaluation of 2,h-bis(glycidyl)-
6-methoxy~§rtriazine is described, With certain formulations a tensile sheer
value of about 2100 psi was obtained frowm room temperature up to and ineludiug
4O00°F,

An unexpected degree of reactivity was found in 2,4~bis
(glycidyl )=b-methoxy-s-triazine and materials such as diphenylsilanediol and
commercial silicone polymers could be used as true curing agents.

The inorganic adhesive prepared from ammeline =nd phosphorus
pentoxide cures the 2,4-bis(glycidyl)-b~methoxy-s-triazine, Further work is
necessary on this particular system,

Synthesis of trimethylsilylpropylene oxide, as a model com-
pound, was shown by infra-red znalysis but could not be isolated.

WADC TR 55-491 Pt III December 1957
ASTIA Document No, AD 142226
SUBJECT : RESEARCH ON ELEVATED TEMPERATURE RESISTANT CERAMIC
STRUCTURAL AIHESIVES
INVESTIGATOR: Richard M, Spriggs Henry G, lLefort
Charles N, Williams Dwight G, Bennett
CONTRACT: AF 33(616)-2556
CONTRACTOR: University of Illinois
ABSTRACT: The object of the investigation was to develop high temper-

ature resistant structural edhesives for Type 301 and 302 stainless steel or
other desired alloy metals, particularly Type 17-7 PH, from ceramic-oxide
glassy-bond coatings, cermets with sintered metal bonds, air setting, temper-
ature-resistant silicates, aluminates, oxychlorides, oxysulfides, and ceramic-
oxide resin bonded coatings,
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Nine new ceramic glassy-bond adhesives developed to mature
within the relatively low temperature range of 1300-1500°F, gave only nomi-
nal shear strengths of 530 psi at 600°F and 750 psi at 800°F.

Glassy-bond ceramic adhesive UI 117-50, when matured at
1750°F during the hardening treatment RH 950 for 17-7 PH stainless steel,
gave average (two to four specimend shear strengths ranging from 990 psei st
room temperature to 980 psi at 1000°F, The curve was quite flat through
four of five temperature points, It reached a high of 1750 psi at 90C°F,

Glassy-bond cersmic adhesives UI 1067-3 and UI 1067-4, con-
taining 10 and 20 per cent carbonyl iron, respectively, both developed more
than 1500 psi at room temperature and at 1000°F, with higher values at 600
end BOO°F, Their shear strength-temperature curves were quite flat with all
values being within ebout 10 per cent of the average values which were =zlight-
ly above 1700 psi,

The advantageous use of carbonyl iron (20%) and silicon
powder (10%) is shown with ceramic adhesive UI 117-63 which gave an average
shear value of 1455 psi at four tempersture points (room to 1000°F), The
highest value was 1505 psi at room temperature, The lowest was 115 psi
at 8UO°F, All of the values were within about three per cent of the
average,

Adhesive bonded specimens subjected to the severe environ-
ment of 100 hours immersion in boiling water, in general, lost strength but
one adhesive (UI 117-59) containing 10% carbonyl iron end used with a 28
mesh stainless steel carrier actually showed an increase in strength after
immersion in boiling water,

Other specimens, both with and without additions of carbonyl
iron, were subjected to 143 hours of heating at 1000°F plus 25 thermal shock
cycles between room temperature and 1000°F, Their shear strengths were im-
proved rather than harmed by this treatment,

The great potential usefulness of metal powders in ceramic
adhesives is shown by UI 117-6) which contains 30 per cent carbonyl irone
This adhesive, although it fell off sherply on either side, developed an
average of more than 5600 psi =2t B0C°F,

In the field of air-setting or low temperature cure adhesives
it appesrs that those of the aluminum phosphate type offer some promise,

Tests conducted with air-setting adhesives indicate that
their moistur: sensitivity can be reduced through the use of a dense adhesivs
structure, or by the addition of a sealant such as tetraphenyltin.

WADC TR 56-320 Pt IX February 1958

ASTIA Document No, AD 150967

SUBJECT: RESFEARCH ON STRUCTURAL ADHESIVE PROFERTIES OVER A WIDE
TEMFERATURE RANGE

WADC TR 53-373 Sup 5 6
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INVESTIGATOR: H. R, Merriman

H. L. Gorlen
CONTRACT : AF 33(616)-3902
CONTRACTCR: The Martin Company
ABSTi ACT Time-deformation creep curves were obtained for a mumber

of adhesives using specified test temperatures and stress levels which re-
sulted in time-to-rupture life in the 100-to 200-hour range. The stress
levels used in this project were determined from information obtained from
work reported in WADC TR 56-320,

The adhesives tested were AF-6, PA-10l, Flastilock 608,
Metlbond 4021, FM-47 Liquid, FM-47 Film, Redux E (Type R), Cycleweld 55-20,
Shell 422, and HT-424. Two metal alloys were used, 2024-T3 clad and bare
aluminum alloy and Type 301, % hard stainless steel,

The tests were conducted on 3-inch lap coupons, at three
different temperatures for each adhesive, Stress was applied by dead
weight loading. The deformation of the glue line was measured by observ-
ing the displacement of three fine scribe lines across the vertical edges
of the lap joint, A Gaertner 100-power microscope with a bilfilar miecro-
meter eyepiece and 10X objective lens was used to measure deformation of
the glue line,

The results obtained in these tests indicated that the
method of measuring creep deformation by observing scribe lines through
a microscope, properly controlled, provides a reprocducible test procedure,
It was noted that each specific adhesive had an approximately constant
total deformation and creep rate for the three tests temperatures and cor-
responding stress levels,

WADC TR 57-513 November 1957
ASTIA Document No, AD 142152

SUBJECT: STRUCTURAL ATHESIVES AND SANDWICH CONSTRUCTIONS

WADC - UNIVERSITY OF DAYTCN JOINT SYMPOSIUM
INVESTIGATOR: Theodore J, Martin
ABSTRACT: This report is a compilation of papers presented at the
Wright Air Development Center - University of Dayton joint symposium on
Structural Adhesives and Sandwich Constructions, 12-13 June 1957, Dayton,
Ohio. The papers, for the most part, reviewed work done on Materials
Iaboratory research and development contracts., '

WADC TR 57-696 April 1958
ASTIA Document No. 151126
SUBJECT: RCOM TEMPERATURE CURING STRUCTURAL ADHESIVES FOR METALS
INVESTIGATOR: E. A. Blommers B, D, Halpern

E. W, 1ane
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CONTRACT : AF 33(616)-365)

CONTRACTOR: The Borden Campany

ABSTRACT: Formulations containing novolac epoxy resins have been
evaluated as room temperature, low pressure cured metal-to-metal adhesives,
A number of combinations of novolac epoxy resins, Epon 562, Thiokol LP-3,
fillers and mixtures of primary and tertiary amines have been found to
give bonds with good strengths and salt spray resistance,

Attampts to use cyclohexens diepoxides in room temperature
cur ing adhesive formulations did not prove successful, Copolymerization of
methacrylatoethyl phosphates with methyl methacrylate in redox systems at
room tamperature yielded adhesives with mediocre strengths,

BIOCHEMISTRY
WADC TN 57-232 August 1957
SUBJECT: EVALUATION OF FOUR AROMATIC FLUORINE COMPOUNDS AS

FUNGICIDES FOR VEGETABLE AND CHROME TANNED LEATHERS
INVESTIGATOR: Jerome J, Jansing
Williem T, Roddy

CONTRACT : AF 33(616)-24466
CONTRACTOR: University of Cincinnati
ABSTRACT: Fungus resistance evaluations were made on vegetable tan-

ned and chrome tanned leather materials treated with basic forummlations of
selected aromatic fluorine chemicals,

Results indicate that 3,3'-difluoro-l,4'-dihydroxybiphenyl;
5,5'-difluoro-2,2'~-dihydroxybiphenyl; and Bis(-2-hydroxy-5-~fluorophenyl)
sulfide each have a good potential of being develcped into non~toxic and of-
fective fungicides for use in leather materials.

WADC TR 58-32 March 1958
ASTIA Document No. AD 151034

0TS Release

SUBJECT: BACTERIAL ACTIVITY IN JP-) FUFL

INVESTIGATOR: Sam Bakanauskas

ABSTRACT: Studies were made with sludge samples obtained from tanks

used to store JP-l fuel, a kerosene-type fuel used in USAF jet aircraft,
The tanks were located at Lincoln AFB, Schilling AFB, and Davis-Monthan AFB,
Results of these studies indicated the following:
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l. Sludge was caused by bacteria, and by products result-
ing from bacterial metabolic activity.

2, JP-l fuel, and additives (corrosion and gum inhibitors)
approved for USAF use in JP-), fuel, are not bacterio-
static agents, JP=l fuel, and some additives were
found to be nutritive far baeteris,

3¢ 4 le5-2,0% concentration of sodium tetraborate, by
weight, or a 2,0Z concentration of potassium tetra-
borate, by weight, in water bottams of JP«) storage
tanks c¢an produce bacteriostatic conditions within
the tank,

BRAZING ALLOYS

WADC TR 57-648 March 1958
ASTIA Document No. AD 151013

OTS Release

SUBJECT s - DEZVELOPMENT OF CXIDATION AND LIQUID SODIUM RESISTANT

BRAZING ALLCOYS
INVESTIGATOR: Domenic A, Canonico
Harry Schwartzbart

CONTRACT: AF 33(600)33406
CONTRACTOR: Armour Research Foundation
ABSTRACT: The first year's work has been completed at Armour Research

Foundation on a program whichhas as its objeetives: (1) the development of
filler metals far brazing type 310 stainless steel to Inconel, the brazements
to be resistant to oxidation and attack by molten sodium at 1650°F, and (2)
the development of a simple test for the ductility of a brazed Jjoint.

Three metals == iron, chramium, and nickel -~ were gslected,
from oxidation and sodium resistance considerations, as the base metals from
which to devslop acceptable brazing alloys, From a study of all the avail-
able pertinent phase diagrams 91 alloys were devised, of which 16 satisfied
the flow temperature and flowability requirements of the programe The flow
temperature was between 1750°F and 1900°F, Minimum flowability was three
inches of length along a six-inech T-speecimen,

T-specimens brazed with these 16 alloys were subjected to

an oxidizing atmosphers for 500 hours at 1650°F, Four alloys successfully
withstood oxidation to a depth of less than 0,003 ineh,
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A test for ductility of brazed joints, based on the premise
that the load necessary to eause cracking in the fillet of a braze is a
measure of the ductility of the brazing alloy, has been developed, The test
“has shown itself to be capable of differentiating two filler alloys, although
the large amount of scatter obtained required that a statistical analysis of
the data be eppplieds Further development should reduce the scatter,

CERAMICS

WADC TR 55-500 Pt I : July 1957
ASTIA Document No. AD 130904
SUBJECT : AN INVESTIGATION OF INFRARED TRANSMITTING MATERIALS
INVESTIGATORs N, J. Kreidl R, A, Weidel

H, C. Hafner E, C, Letter

Jeo R, Hensler
CONTRACT: AF 33(616)2769
CONTRACTOR: Bausch & Lomb Optieal Co.
ABSTRACT: The development of ealcium aluminate glasses permitting

useful trmnsmission out to about 6 microns and having satisfactory working
properties to permit normal castforming proecedures in 10 pound melts is
deseribed. These glasses have high softening temperatures, thermal expan=~
sion coefficients equivalent to soda-lime-silica glasses, and can be polish-
ed by standard techniques. Investigations of other gless systems are dis~
cussed,

A fundamental study to determine if pressed and sintered
compacts of small crystals ean be made into suitable infrared transmitters
is describede Work has been limited to a few materials which transmit in-
frared energy in their single crystalline forms. Relationships of material
preparations, particle sizes, sintering techniques, and transmissions ob-
tained are discussed,

WADC TR 57=86 January 1957
SUBJECT : HOT PRESSING OF BERYLLIA ROCKET NOZZLES
INVESTIGATOR: Je K, Evans
G. D, Kriebel
CONTRACT: AF 33(616)3699
CONTRACTQR: The Beryllium Corporation
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ABSTRACT : The effects of {ime, temperature, pressure, and particle
size on the density of hot pressed beryllium oxide were investigated, Ex-
perimental conditions and densities obtained are tabulated for two types
of beryllium oxide and their mixtures, A description of the equipment,
procedures, and starting materials is included., Photomicrographs of hot
pressed beryllia of maximum density are shown, The fabrication of rocket
nozzles according to the ®est procedures is deseribad. A limited study of
the machining of hot pressed beryllia is includsd,

WADC TR 57-135 August 1957
ASTIA Document No. AD 131031

OTS Release

SUBJECT: A STUDY OF GRADED CERMET COMPONENTS FOR HIGH TEMPERATURE

TURBINE APPLICATIONS
INVESTIGATOR: Henry W, Lawendel
Claus G, Goetzel

CONTRACT; AF 33(616)-3670
CONTRACTOR: Sintereast Corporation of America
ABSTRACT: The purpose of this investigation is a preliminary study

of graded cermeit ‘urbine components designed to improve the ductility and
toughness of the root and airfoil tip sections, Ballistic impact tests at
low and high temperature, before and after heat shoek cycling, were per-
formed on a wedge-like simulated turbine bucket shape divided into three
general areas representing the root, airfoil tip, and airfoil body sections
of a turbine bucket, The wadges were produced of materials believed to
have a satisfactory strength to withstand the temperatures and stresses pre-
vailing in high temperature gas turbine operation: For the eermet core of
the bodies, a cermet was selected on the basis of preliminary tests which
consisted of titanium carbide infiltrated with molten Inconel-X; for the
metal-rich layers applied to the root and airfoil tip sections, enalloy
was selected eonsisting of Inconel-X enriched with titanium earbine, The
core material had a carbide concentration corresponding to 61-63% of theo-
retical carbide density as measured on skeleton bodies prior to infiltrae
tion, The stress to withstand 100 hours life at 1800°F of this core
material wag found to be in the order of 12,000 psi, The metal-rich alloy
layers analyzed approximately 10% by weight of titanium carbide; the stress
of this material to withstend a 100-hour life at 1600°F was found to be in
the order of 20,000 psi.

The graded laeyers were applied during the infiltration of
the wedge by filling with an excess of infiltrant a gap formed between the
skeleton and an investment mold used in the infiltration process, Thus a
structure was obtained in which the graded surface layer constitutes a con-
tinuation and extension of the nickel alloy matrix of the ecsrmet core con-
taining dispersed titanium carbide inclusionse The test results indicate a
substantial improvement to bs gained in ballistic impact strength by pro-
viding metal-enriched areas at the edges and tip of the airfoil, An oxida-
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tion-resistant ductile alloy layer deposited as a cladding on the entire
surface of the simulated turbine camponent resulted in an equally important
improvement of the thermal shock resistance of the titanium carbide eermet

bodiss,

WADC TR 57-577 Pt 1 February 1958
ASTIA Document No, AD 150957

OTS Rselease

SUBJECT: DEVELOPMENT AND EVALUATION OF INSULATING TYPE

CERAMIC COATINGS
PART I, Development and Small Scale Testing
INVESTIGATOR: S, Sklarew

C. Ao Hauck
As V, Levy
CONTRACT : AF 33(616 )-2957
CONTRACTOR: Marquardt Aireraft Co,
ABSTRACT: Eight systems of metal reinforeed refractory coatings

were investigated, These systems were based on sodium silicate, frit,
aluminum phosphate, and L-~389, binders with refractory grain fillers

and they were designed to insulate aircraft structural members operating
in the thermal renge of 2000° to 3000°F,

Thermel drops of as high as 10°F per thousandth inch of
coating thickness at equilibrium were observed with lag times up to 60
seconds to attain equilibrium under laboratory test conditions,

WADC TR 57-665 February 1958
ASTIA Document No, AD 150965

OTS Release

SUBJECT: DEVELOPMENT AND EVALUATION SERVICES ON CEHERAMIC

MAT ERTALS AND WALL CQOMPOSITES FOR HIGH~-TEMPERATURE
RADOME SHAPES
INVESTIGAT(R: John J. Dorsey

CONTRACT : AF 33(616)=3397
CONTRACTOR: P. R, Mallory & Co., Inc,
ABSTRACT 3 Sinece the spesds of aircraft and guided missiles are in-

creasing, the present organic base radomes are becoming obsolete. Various
flame spraying methods which might be used to fabrieate a radome from in-
organic or ceramic materials were investigated.

Numerous compositions were mixed and flame sprayed, Sili-
ca, alone or with additions, was the only material which could be fabricated
into a hard, dense deposit., Alumina and other miscellaneous compositions
vere also flame sprayed but in all cases, the deposits were either full of
laminations and voids or cracking occurred on cooling,
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Means of obtaining more uniform deposits were investigated.
These included obtaining a more uniform powder flow and increasing flame
temperature both by additions to the powder and by external means, Linde
"flame plated® alumina deposits were also investigatede.

Rain erosion specimens and flat plates were flame sprayed
and machined,

Bars were cut from large flasme sprayed deposits in order to
observe the uniformity obtained with the flame spray technique,

Flame spraying onto silica cloth is also discussed, Flame
polishlng in conjunction with this method produces a much smoother surface
than when the silica 1is sprayed directly on a carbon block, Several radomes
were also flame sprayed using a silica cloth base,

Apperently, the most valuable application of flame spraying
would be to patch, adjust electrical thickness or to repair rain erosion

damage,

A brief, but comprehensive, summary of all experimental re-
sults is given at the end of the report.

WADC TR 58-12 Pt I March 1958
ASTIA Document No, AD 151079
0TS Release

SUBJECT: HIGH-TEMPFERATURE ELECTRICAL INSULATING INORGANIC
COATINGS N WIRE

INVESTIGATOR: Cliifton G, Bergeron Robert J. Beals
Arthur L, Friedberg William M, Faber
Paul F, Schwarzlose

CONTRACT : AF 33(616)-3943

CONTRACTOR: University of Illinois

ABSTRACT: An investigation was undertaken to develop and evaluate

high-temperature electrical insulating inorganie coatings for cooper wire,
and to develop methods for applying these materials to wire.

Test procedures were developed for determining the dielec~-
tric strength, dielectric constant, and dissipation factor of experimental
coatings on both sheet copper and eopper wire,

Certain coating compositions formulated in the alkali-
B2q3-8102 system were found to have the requisite dielectrie properties at
room temperature,
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Equipment was designed and constructed for continuously
applying and firing vitreous ooatings onto copper wire, The considera-
tions relating to flexibility and dielectric properties of the coated wire
are discussed,

WADC TR 58-13 Pt I March 1958
ASTIA Doocument No. AD 151062

0TS Releasa

SUBJECT: HIGH-TEMPERATURE INSULATION FOR WIRE

INVESTIGATOR: Je D, Walton and J, N, Harris

CONTRACT : AF 33(616)-3944

CONTRACTOR ¢ Georgia Institute of Technology

ABSTRACT: A literature survey was undertaken to review possible

methods for use in developing an electrical insulating coating for the
high temperature protection of wire,

Ceramic-organic coatings were developed which cover the
range from roam temperaturs to 1300° F when applied directly to metal,
These coatings withstand 1500°--but a wetting problem was encountered with
the enamel on metals, However, since the final ceramic organic coating is
applied over a bhase coating of sluminum oxide the wetting problem is not
expected to cause difficulty, The effect of solution of aluminum oxide in
the snamel is being investigated,

Curing studies have shown that mothods cf curing resine
frit coatings is an important parameter in obtaining proper burn-out tem-
perature of resins,

Aluminum phosphate and silica were tested briefly as
possible base coatings for the final ceramic~organic coating but adherence
and corrosion problems caused this work to be discontinuecda

Several anodizing baths have besn tried, smong them boric
acid, oxalic acid, and sulfuric acid, Among these, sulfuric acid seems to
give the best anodized coating.

Application of aluminum to copper wire has been the area
where the most difficulty has been encountered, Although coatings with
very good adherence have been obtained, first indications were that the
problem in plating seemed to be in pre-cleaning of the copper. For this
reason, gold plate was applied as an initial coating in some tests prior

to aluminum plating the copper,
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CHEMISTRY

WADC TR 53-147 Sup 1 Sep tember 1957
ASTIA Document No, AD 131072

SUBJECT: NON TOXIC SOLVENTS FOR CLEANING AIRCRAFT ENGINES

AT EXTREMELY LOW TEMPERATURES
INVESTIGATOR: Robert E, Cretcher
ABSTRACT: Two reciprocating aircraft engine degreasing formulae
consisting essentially of methylene chloride and aliphatiec petroleum
hydrocarbon, suitably inhibited, had been recommended on the basis of labo-
ratory evaluations as being suitable for use under arctic conditions. Serv-
ice tests were conducted by three operational activities of the Alaskan Air
Command during the winter seasons of 1954~1955, and 1955-1956, The results
of the operational usage of the two degreaser formulae and a control solvent
indicate generally that either of the test formulae would be suitable for
the purpose at temperatures above -20°F, One of the test materials evapo-
rates more slowly than the other but may be used as both ecleaning and rinse
solvent, While the second materjal evaporates more rapidly, a straight
petroleum solvent is required to rinse the cleaning solvent from the treat-
ed surfacess Test results are discussed and the proposed specification re-
quirements for the rzcommended degreaser are presented,

WADC TR 56495 July 1957
ASTIA Document No, AD 130888

SUBJECT: DEVELOPMENT OF NON-TOXIC ORGANIC SOLVENTS CR SOLVENT
SYSTEMS FOR GENERAL CLEANING APPLICATIONS
INVESTIGATOR: Kenneth K, Aoki
Arthur J. LaRue
Brock G. Peacock

CONTRACT : AF 33(616)-2775
CONTRACTOR: Wyandotte Chemicals Corporation
ABSTRACT: A search has been made for new solvents or solvent combiw~

nations which could satisfactorily replace carbon tetrachloride in general
cleaning applications. Inhibited methylchloroform and cambinations of
methylchloroform with up to 15 volume percent of Freon 112 were formulated,
Freon 112 is used to reduce the evaporation rate of methylchloroforum which
is slightly higher than that of carbon tetrachlorides Although the corro-
sion inhibition properties of the formulated mixtures cannot be considersd
satisfactory, the target specifications appear to have been met in respsct
to minimum flash point, deecrease in flash point during evaporation and tox-
jeity. The solvents are essentlally equal to or better than carbon tetra-
chloride in respect to deleterious action on various electriecal insulators,,
plaestic laminates, and organic coatings., The recommended solvents can be
econcmically produced in the required volume. Although the present limited
production of Freon 112 and its consequent high cost may limit the propor-
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tion which can be used in the solvent combination, there is reason to anticiw
pate materially reduced costs under volume production, Areas in which con-
tinuing development work is peeded are the.further refinement and proving of
several possible inhibitor systems for optimum results, long term storage
and stability tests under anticipated storage conditions, practical applica-
tion tests, and final clearance in respect to toxicity by Air Foree medical
personnel,

WADC TR 57-187 March 1958
ASTIA Document No. AD 151073

SUBJECT: LON TEMPERATURE AIRCRAFT SURFACE CLEANERS
INVESTIGATOR: Elias Kimmel

Bernard Berkeley

Daniel Schoenholz

CONTRACT: AF 33(600)-322});
CONTRACTOR: Foster D. Snell, Ince
ABSTRACT: Physical and chemical characteristics of differsnt types

of soll normally encountered on aircraft surfaces were studied, Laboratory
s0ll removal tests were developed and used to evaluate all important class-
es of organic solvents. Seventeen different amine oleates were examined
for their ability to form dilute water-in-naphtha emulsions, A combination
of diethylamine oleats and triethanolamine olsate allowed the incorporation
of 1,5 parts of water in naphtha and naphtha-chlorinated solvent blends.
Emlsifier systems were compounded to render hydrocarbon and hydrocarbon-
chlorinated solvent blends readily rinsable with diluted deicing fluids.
Field tests at Loring A, F. B, and Mitchel A, Fs; B, established the effi-
cacy of water-contalning and self-emulsifiable cleaners, Two cleaners con-
forming to all target requirements are recommended for removsal of oily,

and traffic film, type soils from aircraft surfaces at temperatures of 0°
to 32°F. One cleaner is used in conjunetion with a naphtha rinse; the
other is flushed wlth either naphtha or a glycol~alcohol-water fluid, Raw
material costs, methods of preparation, .sources of supplies and ingredient
specifications are reported for both recommended cleaners,

WADC TR 57-193 March 1958
ASTIA Document No, AD 151022

SUBJECT: DEVELOPMENT OF NON-CRESYLIC CARBON RIEMOVERS
INVESTIGATOR: Rubin Weiner
Je Walter Carroll

CONTRACT : AF 33(600)31890
CONTRACTOR: Pennsalt Chemicals Corporation
ABSTRACT: The usual carbon remover formulations now in use contain

chlorinated hydrocarbons, cresols, and wetting agents, As such they pre-
sent a serious toxicity and waste disposal problem and asre therefore unsuit-
able for field use where only limited facilities are availables Major Air
Force overhaul depots are successfully removing engine varnish (polymerized
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oils) and loosening carbon deposits from reciprocating engine parts with
this materjial, However in this laboratory, they have been found unsatis-
factory for removing carbon deposits from either jet engine or recipro-
cating engine parts,

Two formulations, which this laboratory developed, appear
to be much more seffective in removing carbon deposits than the present
specification compositions. ILaboratory tests indicate that these two form=-
ulations are satisfactory with respect to corrosivity and toxieity, present
no serious waste disposal problems, and are not expensive to manufacture,

WADC TR 57-606 November 1957
ASTIA Document No., AD 1;42158

0TS Release

SUBJECT s ORGANIC COMPOUNDS OF GALLIUM - A SUMMARY

OF THE LITHRATURE
INVESTIGATOR: Andrew J. Frank

Richard W, Sullivan

Virgil W, Lichtenberg

CONTRACT 3 AF 33(616)-2939
CONTRACT(R: Denver Research Institute
ABSTRACT: The literature concerning organiec compounds containing

gallium has been surveyed, and the properties of all organo~metallic
and organic coordination compounds of gallium are summarized, An an=-
notated bibliography of all references is provided,

COATINGS
WADC TR 53-511 Pt II June 1957
ASTIA Document No. AD 130780
SUBJECT: DEVELOPMENT OF A HEAT RESISTANT COATING FCR

. PROTECTION AGAINST RAIN EROSICN
INVESTIGATOR: Frank A, Jeffries

CONTRACT: AF 33(616)-2231
CONTRACTOR: The Goodyear Tire and Rubber Company
ABSTRACT: High speed flight through rain causes damage to exposed

parts of aircraft, Neoprene coatings have been used to protect parts
against this damage,

Skin friction due to the high speeds of aireraft and the
practice of thermal de~icing, have made it necessary to investigate erosion
resistant coatings which will withstand temperatures up to 500°F,
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All available elastomers and plastics giving promise of with-
standing such temperatures have been examined, Of these, only acrylic ester
rubbers, Teflon, and silicone rubbers meet the temperature requirement. Teflon
is poor in erosion resistancs.

The silicone and acrylic ester rubbers, although they do
not have as high a degree of erosion resistance as Neoprene in the present
stage of development, afford a fair degree of protection even after exposure
to 500°F, Inconsistent adhesion has prevented the ultimate in erosion re-
sistance from being realized, '

Hypalon S~2 will not withstand 500°F, but does afford a
fair degree of erosion resistance where temperatures remain below 400°,
Here again, adhesion is a problem.

A Goodyear experimental rubber shows promise of being use~
ful as a primer for high temperature coating systems,

WADC TR 56-80 September 1957
ASTTA Document No, AD 131056
TS Release

SUBJECT s RESISTANCE OF PROTECTIVE COATINGS TO SYNTHETIC
LUBRICATING AND HYIRAULIC FLUIDS

INVESTIGATOR : Robert W, Damm
George Fo, Salathe
William A, McIntyre

CONTRACT ¢ AF33(616)-2919
CONTRACT(R: The Sherwin-Williems Company
ABSTRACT: This report consists prineipally of a detalled evaluation

of the resistance of 56 coatings or coating systems to five synthetic lubri-
cating and hydraulic flulds in conjunction with supplementery tests designed
to expose these coatings to the maximum limits encountered by high speed alrw
craft under serviece conditionse Test work was conducted by The Sherwin-
Williams Company in the Chicago Lacquer ILaboratories' Aircraft Finishes Group.
Results show the following candidate eoatings to have the most promise in ro-
sisting maximum detrimental effects of synthetic fluids and accompanying en-
vironmental conditions:

Skin Coatings

Candidate Coating No, C~1 - Andrew Brown,
Broiite Synflex A~136 Black Enamel.

Candidate Coating No, Cwb6 = Sherwin-Willjams,
Experimental White Sygatem,

Candidate Coating No. C=55 = Sherwin-Williams,
Mi49 W Cl4 System,
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Bheine Coatings

Candidate Coating No, C-31 - Pratt & Lembert,
Heat Resistant Aluminum Enamel #7897.

WADC TR 56-80 Sup 1 October 1957
ASTIA Document No, AD 142030

0TS Release

SUBJECT : DEVELOFMENT OF PROTECTIVE COATINGS RESISTANT TO

SYNTHETIC LUBRICATING AND HYIRAULIC FLUIDS
INVESTIGATOR: Robert W, Damm

George F, Salathe

William A, MeIntyre

CONTRACT: AF 33(616)-2919
CONTRACTOR: The Sherwin-Williams Company
ABSTRACT : This report is a presentation of the work performed in

developing both aireraft skin and engine coatings that are resistant to
the detrimental effects of synthetic fluids and the accompanying environ=-
mental conditions encountered by modern high speed aircraft. 4s a result
of this work the contractor evaluated a skin coating system and an engine
coating and developed two engine coatings. The skin coating system is as
follows: Primer, Sherwin-Williams Modified Wash Primer, P40 G Cl; Top~
coat, Sherwin-Williams White Modified Acrylic Ensmel, Mj9 W C5, The three
engine coatings are: Pratt & Lambert Aluminum Engine Coating #7897;
Sherwin-Williams Aluminum Silicone Jet Engine Coating, Mi9 S C2; and
Sherwin-Williams Aluminum Silicone Jet Engine Coating, Mj9 S C3, All
these systems are capable of closely approaching complete resistance to
the severe conditions involved.

WADC TR 56-250 October 1956
ASTIA Document No., 2D 110410

SUBJECT: SUM/ARY OF DEVELOFMENT AND EVALUATION OF
INSULATING TYPE REFRACTORY COATINGS
INVESTIGAT(R: S, Sklarew

C., &, Houck
A, V, Levy
CONTRACT : AF 33(616)-2957
CONTRACTOR s Marquardt Aircraft Company
ABSTRACT : Initial development of metal reinforced refractory coat-

ings to provide thermal insulation to aireraft structural members operating
in the temperature renge 2000° to 3000°F is reported, Reinforced refrac-
tories 0,080 to 0,15-inch thick, providing thermal drops of 5° to 10°F per:
00001 inch of thickness have been successfully tested in smell scalee These
reinforced coatings averaged half the density of steel,
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WADC TR 56-338 Pt I January 1958
ASTIA BDocument Noe. AD 142317

OTS Releass

SUBJECT: BIBLIOGRAPHY OF ICE AND FROST CONTROL

INVESTIGATOR: Thomas H, McConica, III

CONTRACT : AF 33(616)-3156

GONTRACTOR: Arctic Research Ince

ABSTRACT: This report reviews all unclassified publications relating

to the control of ice and frost which could be obtained by this laboratory
during the period July 1955 to June 1956, In preparing this bibliography
an attempt was made to exclude publications not in the area of interest in-
dicated by the title, Otherwise an unwieldy report would have resulted.
Where abstracts or original reports could be reviewed a brief summary of
the report is given, In addition, when known, the depository and call
number of sach referenced report is includeds Depositories are coded as
follows:

AMAU - Afr University, Maxwell Air Force Base, Ala,

ASTIA- Armed Services Technical Information Agency, Dayton, O.
(Note: All ™AD" and "ATI"™ numbers refer to ASTIA)

DAL - Army Library, Washington, D, C,

DIC « Library of Congress, Washington, D. C.

INB - Weather Bureau, Washington, D, C.

All publications have been classified according to subject matter and coded
using the arrangement given on page v,

A review of the patent literature is included in Part II of this
reporte

WADC TR 56-338 Pt II Jamary 1958
ASTIA Document No, AD 14,2318
0TS Release

SUBJECT: BIBLIOGRAPHY OF ICE AND FROST CONTROL

INVESTIGATOR: Thomas H, McConica, III

CONTRACT : AF 33(616)-3156

CONTRACT(R: Arctic Research Ine,

ABSTRACT: This report constitutes an annotated bibliography of

patents relating to the control of ice and frost on aircraft. All patents
of interest in the U, S, Patent Office under classification list No, 2i,
subclass 134, up until July 1956, are included. Additional patents have
been located through searching Chemical Abstracts, other bibliographies,
etc, All patents have been classified according to subject matter and cod-
ed using the arrangement given on page V.

A review of unclassified publications is included in Part I
of this report.
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WADC TR 57-158 Pt I October 1957
ASTIA Document No. AD 142033
0TS Release

SUBJECT: DEVELOPMENT OF WHITE THERMALLY REFLECTIVE
RAIN EROSION RESISTANT COATINGS
INVESTIGATOR: George K. Vogelsang

CONTRACT s AP 33(616)=3027
CONTRACTOR: Gates Enginecering Company .
ABSTRACT: Radomes and other coverings for housing radar antennae

exposed to rain during high speed flight require meximum protection against
rain erosion, This study is for the development of improved coatings for
exterior plastic camponents, which will be rain erosion resistant, thermal-
1y reflective and have satisfactory weatherability.

White coatings farmulated fram polyacrylic rubber or Kel-F
elastamer yield the best overall diffuse reflectances, while Neoprene has
the best resistance to rain erosion.

A white Neoprene coating system has been developed which
satisfies the major requirements of this program,

Studies are under way to improve the above coating system
and to render it anti-statiec,

WADC TR 57-158 Pt II December 1957
ASTIA Document No. AD 142185

SUBJECT: DEVELOPMENT OF WHITE HEAT RESISTANT AND WHITE
ANTI-STATIC RAIN EROSION RESISTANT COATINGS
INVESTIGATOR: George K, Vogelsang

CONTRACT : AF 33(616)-3027
CONTRACTOR: Gates Engineering Company
ABSTRACT'¢ Numerous elastomeric coatings have been developed and tested

for retention of thermal reflectance and resistance to rain erosion after 100
hours aging at 400°F, Although Neoprens affords the best resistance to rain
erosion, it has limited heat resistance, while Kel-F elastomer is the exact
opposite.

. A method has been developed to utilize ionically conductive
white coatings in conjunction with electron conductive coatings for the de-
velopment of white anti-static rain erosion resistant coatings. Freliminary
results have been very encouraging, but considerable additional work is re-
guired before white anti-static coating systems are developed to a point
where they will consistently conform to the requirements set forth in Speci-
fication MIL=C-7/39B,
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WADC TR 57-158 Pt III Januery 1958
ASTIA Document No, AD 142286

SUBJECT: DEVELOPMENT OF WHITE HEAT RESISTANT AND WHITE ANTI-
STATIC RAIN EROSION RESISTANT COATINGS
INVESTIGAT(R: George K, Vogelsang

CONTRACT : AF 33(616)-3027
CONTRACTOR 3 Gates Engineering Company A
ABSTRACT; Improved white rain erosion resistant coatings were obtained

by simul¥aneously using combinations of Neoprenes, titanium dioxides, the
inclusion of moderate quantities of acid acceptors and stabilizers, and the
use of extra quentities of antioxidants, White Neoprene rain erosion resis-
tant coatings ean be firmly bonded to polyester or epoxy glass fiber laminates
using Primers Gaco KV-6006-N or KV-8510-E,

Improved electron eonductive coatings for use in the "Series-
Pi sgharge" Anti-Static Coating System were prepared by blending white Neo-
prene non-conductive coating solutions with Neoprene conductive coatings,
utilizing Vulean XC-72, conductive carbon black, Several new white ionical-
1y conductive coatings were developed,

A number of "Series-Discharge” Anti-Static Coating Systems
were found to possess and retain conductivities in the order of 0.5 and 15
megohms per square when measured after various conditions, Also, one
hundred forty-five coating systems were found to possess and retain conduce
tivities in the range of 10 to 100 megohms per square, when measured after
similar conditions, The diffuse reflectances of these coatings are general-
ly better than those of non~conductive white coatings, and their resistance
to discoloration is substantially improved.

WADC TR 57-185 September 1957
ASTIA Document No., AD 131054

OT'S Release

SUBJECT s CONDUCTIVITY TESTING OF ZINC IUST FIGMENTED COATINGS
INVESTIGATOR: Lt. D, S, Nantz

ABSTRACT: Zinc rich ecoatings have been in use for over 100 years as

a protective pigment for steels Since the effectiveness of these coatings
are dependent upon the electrical conductivity from zine particle to zine
particle and from zinc particle to the steel surface, it is important to
have a good conductivity measurement test to determine the protective prop-
erties of any zine rich coating system.

Several procedures were tried before a good conductivity
test was developeds These conductivity tests can be then used as a scien-
tific basis for formulation of zinc rich coatings which will provide good
galvanic protection to steel.
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It was concluded that the conductivity test developed c¢an
be used to determine optimum zinc concentration, film thickness, and drying
time for any given vehicle pigmented with zinc,

WADC TR 57-186 November 1957
ASTIA Document Nos AD 142143
0TS Release

SUBJECT: THE EFFECTS OF NUCLEAR RADIATION ON MILITARY

SPECIFICATION PAINTS
INVESTIGATOR: 1/1t, Lloyd 4, Horrocks
ABSTRACT: This report is an evaluation of the effects of gamma radia-
tion and heat on Several available types of specification and non-specifica-
tion paints, Reflectance, adhesion, abrasion, humidity, and film condition
data are presented on the effeets of gamma radiation and heat on silicone~
alkyd, fluorocarbon, alkyd, nitrocellulose, phenolic, and epoxy resin-based
paints, Silicone~alkyd, alkyd, and phenolic resjin-based paints appear to
be satisfactory for use after exposure to 1 x 107 roentgens,

WADC TR 57-195 November 1957
ASTIA Document No. AD 142146

OTS Release

SUBJECT: TEST METHODS FOR MAGNESIUM SURFACE TREATMENTS

INVESTIGATOR: Frank W, Pfohl
Howard T. Francis

CONTRACT : AF 33(616)~2855
CONTRACTQR: Armour Research Foundation
ABSTRACT: A gtudy was made of test methods whereby the quality of

magnesium surface treatments could be dstermineds Methods which measured
the corrosion-inhibiting power of the coating were found unsatisfectory.

A method based on measurement of paint adherence after exposure to a core
rosive enviromment, however, was found quite promising. The latter ap=-
proach evolved the "Gauze~Peel Test", in which a gauze strip is embedded
in the organiec ccatinge After exposure to accelerated corrosion, the gauze
is peeled fram the surface, Both quantitative (peel strength) and gualita-
tive (visual examination of the stripped area) evaluations are easily made.
An important observation made during preparation of experimental specimens
was that contact between magnesium and steel during Dow 7 treatment leads
to rapidly deteriorating painted surfaces,
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WADC TR 57-296 February 1958
ASTIA Document No, 150985

OTS Release

SUBJECT: MARKING MATERIALS FOR RUBBER, PLASTIC FILMS AND

COATED FARRICS
INVESTIGATOR: Harry N. Vosmer

CONTRACT: AF 33(616)-3624
CONTRACTOR: National Cash Register Campany
ABSTRACT: A standard procedure far marking ink evaluation was develop-

ed based on the target properties of the contract and the lsboratory tech-
niques established by the contractore

Six inks from commercial sources were found to be acceptable
for use as marking inks on the majority of the coated fabrics and plastic
films,

Four inks developed in the laboratories of NCR proved to
be acceptable, Two of these are based on aerylic resins, and two on a poly-
vinyl butyral resin system.

None of the ten inks recommended are entirely satisfactory
for use on polyethylene or Cotton-vinyl coated, Type II, Class C, Specifica-
tion MIL~F-4143, since they fail the adhesion and immersion tests,

Titanium adhesion promoters were investigated but were
found to contribute little toward the improvement of adhesion on the plastic
films and coated fabries.

Work with treated polyethylene indicated a slight increase
of adhesion over the untreated materiale Printing on polyethylen still re-
mains a serious problem, since the inks developed and evaluated in this re-
port have not proved satisfactory on this material,

WADC TR 57-317 September 1957
ASTIA Document No, AD 131070
SUBJECT's THE DEVELOPMENT OF TESTING PROCEDURES AND THE EVALUATION
OF COATINGS FOR TANTALUM, GRAPHITE, NICKEL AND COFPER
INVESTIGATOR: W. A, Spraker Je L. Harp
A, E, Reller F, L. Bagby
R, E, Hess
CONTRACT: AF 33(616)-3227
CONTRACTOR: Battelle Memorial Institute
ABSTRACT 3 Recent developments in the field of aeronautics have

focused attention on the behavior of materials under conditions of high
heat flux and high temperature. A number of materials, whose physical
properties are of interest, must be protected from erosion and oxidation
when exposed to a flow of high temperature air, The resistance of these
materials and their coatings to thermal shock is also important.
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This report summarizes the results of the first year of
a program to evaluate the resistance of a number of coatings for’ ecopper,
nickel, tantalum, and graphite to erosion, oxidation, and thermal shock
under high temperature service conditions. Specimens were tested in the
throat of a hydrogen~oxygen rocket motor which could produce a maximum
heat flux of approximately 3000 Btu/sec sq ft, and a maximum temperature
of approximately 5500F,

The results of the research program indicate that several
coatings have propertles of promise, These coatings include Rokide A,
chromium, snd chromium-nickel coatings for copper; Rokide A and chramium
coatings for nickel; and a Rokide C coating for graphite, In general,
flame sprayed and electrodeposited types of coatings appeared to be the
most successful, None of the coatings for tantalum that were tested were
successful, The failure of coatings on tantalum appsars to be the result
of oxidation of the tantalum through the coatings; a sueccessful tantalum
coating, if developed, should have a low porosity, Tests of coatings
applied by vapor deposition indicated that these coatings have relatively
poor adhesion and are subject to erosion.

WADC TR 57-342 October 1957
ASTIA Document No, AD 142080
OT5 Release

SUBJECT: EFFECTIVE THICKNESS OF CHROMIUM FPLATE ON THE

SENSITIVITY OF MAGNETIC PARTICLE INSPECTION
INVESTIGATOR: W. Steindorf

B, Cohen
ABSTRACT ; A survey was conducted on small cracked rods to determine
the size crack which can be detected by magnetic particle inspection,
Chromium plating 2.2, Lok, @nd 6.6 mils thick were successively plated to
these rods and the rods were examined after each plating. Scotch tape
transfers were taken and studied in conjunction with the subsequently
measured erscks, The summation of results indicate that 4.5 mils is a
practical limitation of the effective depth of chromium plate for magnetic
particel inspection of the plated body.

WADC TR 57=-435 October 1957
ASTIA Document No. AD 142025

SUBJECT : STUDY AND DESIGN OF SUPERSONIC ROTATING ARM RAIN
FROSICN TEST APPARATUS

INVESTIGATCR: John L, Beal
Norman E, Wahl
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CONTRACT : AF 33(616)-3267

CONTRACTOR: Cornell Aeronautical Laboratory, Ince.

ABSTRACT: The feasibility of building a 2500 mile per hour rotating
arm, rain erosion, test eppsratus based upon sconomic aspects and engineer=-
ing problems was investigated. It was found that such a rain erosion test
facility was practicable and one was designed which consisted of a large,
refrigerated chamber evacuated to 0,01 atmosphere pressure in which the
test blade, 56 feet in diameter, would rotate.

The problems and calculations leading to the design, as
well as the cost of the equipment of a rotating arm test apparatus for
three speeds (i.e, 2200, 2270 and 2500 mph) are reviewed,

WADC TR 57-752 March 1958

ASTIA Document No, AD 151012 :

SUBJECT: THE INVESTIGATION OF THERMOSTABILITY OF INHIBITIVE
PICMENTS

INVESTIGATOR: Edward R, Allen
Harold V. Lindstrom

CONTRACT : AF 33(616)-5290
CONTRACT(R: Rutgers, The State University
ABSTRACT: This report is the result of & three months study of the

heat stability of some corrosion inhibiting alkaline earth chromates,
Certain chromates were collected, analyzed and compared as to behavlor
upon heating. As indicated in the literature, the presence of certain im-
purities, such as ealcium oxide, tends to foster decomposition at high
temperatures, The result is that the yellow chrowate form is changed in
pert to a green chromic form with the loss of oxygen.

The behavior of a highly purified form of zinec phosphate
was studied for its possible gpplication as a corrosion inhibiting pigment.

WADC TR 58-} February 1958
ASTIA Document No, AD 142330
SUBJECT: DEVELOFMENT AND FABRICATITON OF RAINFALL SIMULATION

EQUIPMENT FOR SUPERSONIC WHIRLING ARM TEST APPARATUS

INVESTIGATOR: Roy Re Lapp
Norman E, Wahl

CONTRACT s AF 33(616)-5316
CONTRACTOR: Cornell Aeronautical Laboratory, Inc,
ABSTRACT: The development and method of ealibration of spray nozzles

for rainfall simulator, operating in a vertical plane, are reviewed, The
design of the spray ring and its fabrication are deseribed.
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WADC TR 58=-11 February 1958
ASTIA Document No, AD 150970
0TS Release

SUBJECT: PREPARATION OF PROTECTIVE COATINGS BY
ELECTROPHORETIC METHODS

INVESTIGATOR: Allen C, Werner
Robert J. Abelson

CONTRACT; AF 33(616)-5002
CONTRACTOR « Vitro Laboratories :
ABSTRACT: An investigation was eonducted of the preparation of oxida-

tion-registant ecoatings for molybdenum by electrophoretic msthodss Multi-
layer coatings of 80% nickel = 20% chromium and nickel~bonded columbium and
titanium earbide provided good oxidation resistance and good erosion resise
tance. The ballistic impact resistance requirement was fulfilled by inclu-
sion of a 50% dense, 80% nickel - 20% chromium layer, The effects of sin~-
tering and coating thickness on resistance to thermal shock wers noted,
Attempts to incorporate an intergranular diffusion barrier alloy layer for
oxidation resistance at 2000°F proved unsuccessful, although a gold-chromium
diffusion barrier layer proved resistant at 1800°F, The coating technique
has been refined to permit application of a single lsyer in one operation
instead of two,

CORROSTON

WADC TN 55-212 Sup 2 September 1957
ASTIA Document No, AD 131017

SUBJECT s RESISTANCE OF (RGANIC FINISHES TO ROCKET BLAST
INVESTIGATOR: San E, Collis

ABSTRACT: Forty-seven test panels with various organic and inorganie
coating systems were sexposed to an impinging blast from free fired, T-2l,
Rockets, None of the coating systems offered complete protection for the
metal, The systems offering the best protective properties were EC 8/3

™ innesota Mining and Manufacturing Campany) applied over zinc chromate
primer or over wash primer-zinc chromate primers Ceramic coatings or dry=-
ing o0il enamels and varnishes applied over zinc chromate primer, were
found to rank second in protective prcperties, The other coating systems,
which were, in most cases, applied without a corrosion inhibiting primer,
provided only fair protection.
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WADC TR 56-380 June 1957

ASTIA Document No. AD 130820

0TS Release

SUBJECT: INVESTIGATION OF THE APPLICABILITY OF HIGH FREQUENCY
SOUND WAVES (ULTRASONICS) FOR CLEANING OF PRECISION
PARTS

INVESTIGATOR: Oskar E, Mattiat
Paschal P, Zapponi

CONTRACT : AF 33(616)-3011
CONTRACTOR: Clevite Research Center
ABSTRACT: Grease and preservative compounds on bearings are easily

removed by several methods, The important soils, AN-C-12/ preservative
compound and MIL-G-3278 grease are removed by a thorough spray treatment
with Stoddard solvent or an ultrasonic treatment under various conditions
using trichloroethylene as the coupling liquid.

The effeet of the ultrasonic factors, frequency, intensity,
pulse power, coupling fluid and container for holding the parts, upon the
rate of removal of field and synthetic soils from complex parts with small
openings is determineds Two new methods of study are developed for evalu-
ating available ultrasonic systems and factors, namely, the steel-removal
and probe methods,

Results obtained with these methods show that accessible
soils of all kinds are easily removed by any of the ultrasonic systems
studied; however, inaccessible soils, such as steel particles in bearings
and grease soils in blind holes require high sonic intensities and a
coupling fluid with optimum cavitating and solubility or dispersability
properties for the particular soil,

Llow frequency systems appear to be more effective than
high frequency systems for removing most types of soils investigated,
However, inability to control intensity at the point of cleaning for the
high frequency systems make this evaluation uncertain,

The use of pulsed power does not improve the removal
rates of the soils studied,

With the possible exeeption of an aqueous solution for
the removal of steel particles from bearings, trichloroethylene is the
most effective coupling fluid tested for the various soils,

Data submitted also show that while a coarse mesh
basket for eontaining parts is not detrimental to soil removel at low
frequencies it is at high frequencies,

It is shown by erosion measurements on bearings that the
adverse effect of ultrasonic treatment on the starting torque is caused
by cavitation erosion; however, the amount of erosion 1s so small that it
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may be neglected for the short cleaning time normelly required,

Recommendations are made for the cleaning of bearings and
other precision parts contaminated with all of the various soils submitted
by the contracting agency,

WADC TR 57-302 April 1958
ASTIA Document No, AD 151116
SUBJECT: INVESTIGATICN OF CORROSICN INHIBITORS FOR FUMING

NITRIC ACID

INVESTIGATOR: William H, Bergdorf
Edward J. Kinsey, Jr,

CONTRACT: AT 33(616)-3056
CONTRACTOR:: Bell Aircraft Corporation
ABSTRACT: The ma jor effort of this investigation was to develop a

corrosion inhibitor for fuming nitric acid that has corrosion-inhibiting
and scale and sludge-formation properties superior to those of hydrofluoric
acid, Ammonium hexafluorophosphate in amount equivalent to 0.30% by weight
hydrofluoric acid was found to provide better inhibition to the corrosion
of 61S-T6 aluminum alloy, and 17-TPH and AISI Type 304L stainless steels
than 0,70% by weight hydrofluoric acid under the test conditions. Optimm
inhibitor concentrations for Types I and III specification aclids, and in-
hibitor depletion rates for eight inhibitors including hydrofluoriec aecid
were determined, Effects of inhibitor up to five times optimum inhibitor
concentration of each of the several inhibiters were measured in terms of
slush or freezing point of inhibited acid media which had been subjected

to wide variation in temperature and short time storage conditions, Measure-
ments of the mechanieal properties of welded specimens of the aluminum and
stainless steel alloys that had been immersed in the liquid and vapor phases
of eight inhibited acid systems for thirty days at 120%F showed that no
significant change in properties was effected by these exposure cocnditions.
Film-formation studies were conducted on aluminum and stainless steel spec~
imens that had been exposed to the liquid and wvapor phases of the several
inhibited systems and subsequently rinsed in water and methylene chloride.
Both rinses removed the inhibited acids from the specimens but methylene
chltoride failed to remove corrosion products,

Hydrofluoric acid phosphoric acid plus hydrofluoric aecid,
and ammonium hexafluorophosphate at optimum concentrations dissolved in
specification Types I and III acid media were tested in vessels fabricated
from the aluminum and stainless steel alloys for a period of 60 days at 70°,
120°, and 160°F, Ammonium hexafluorophosphate produced the greatest pres-
sures during the test period. This inhibitor, however, suffered the smallest
loss in concentration and in general provided the best inhibition.
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WADC TR 57-540 December 1957
ASTIA Document No. AD 142263

0TS Release

SUBJECT: THZ DESIQN AND CONSTRUCTION OF A SPECIAL TEST

FIXTURE FOR THE STATIC EVALUATION OF TIE CORROSIVE
EFFECTS OF BORON C(XIDE AT HIGE TEMPERATURES

INVESTIGATOR: Charles R, Andrews

CONTRACT AF 33(616)-3737

CONTRACTOR: University of Dayton Research Center

ABSTRACT : The design and construction of a specialized high~tempers-

ture corrosion test fixtwre is deseribed herein, The fixture is arranged
to provide for the long~time exposure of text materials to static environ-
ments consisting of eyclic immersion in molten boron oxide (B203) at
temperatures up to 3000°F under closely controlled conditions. Features of
the test fixture include an extensive electrical heating control system

and an automatic specimen c¢ycling mechanisme The fixture c¢an be operated
on a continuous basis with a minimum of attention.

A description of the operating characteristies of the
fixture and details of operating procedures are included in this report. A
list of engineering drawings pertaining to the test fixture, as well as an
outling of maintenance procedures to be followed, are containeéd in sppendices.

WADC TR 57-662 May 1958
ASTIA Document No. AD 155516
0TS Release

SUBJECT: THIN METAL FIIMS AS CORROSION INDICATRS
INVESTIGATOR: Richard Be. Belser
Frank E. Hankinson

CONTRACT: AF 33(616)-3879
CONTRACTOR: Georgia Institute of Tecimology
ABSTRACT: In order to investigate the feasibility of using thin metal

films deposited on glass or plastic substrates as integrating indicators of
corrosive conditions, the corrosion rates of films of nine metals exposed to
air atmospheres of controlled temperature end humidity have been studied.

Of the metals iron, mangenese, copper, nickel, cobalt, strontium, calcium,
magnesium and zine, only films of iron and manganese proved worthy of more
than a preliminary survey, 4 more intensive study of the corrosion proper-
ties and rates of iron and manganese films and of the bimetal pairs iron
and copper and iron end gold was undertaken.,

This investigation disclosed the important role in metal
film corrosion of the absorbed gas layer normally present on glass substrates.
This layer furnished the oxygen necessary for small particles of the oxides
of iron to form at raadom sites in the film. These subsequently became ele-
ments of electrolytic cells in which the iron film acted as the anode in
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the presence of air at 25°C and 70 percent relative humiditys Destructive
oxidation of the film thereafter proceeded by elecetrochemical processes.

Rztes of corrosion for iron films were controllable to a
degree by removal of the absorbed gas layer by pre-deposition heating of the
substrate to 400°C or by more complete combination of the absorbed layer
with the metal of the film induced by post-deposition heating of the film,.
The former method reduced corrosion rates because of the removal of the
oxygen supply for the formation of oxide nuclei, and the latter method in-
creased the corrosion rate because of the greater number of oxide nuclei
formed,

Control of the corrosion rates of iron films under spseifie
conditiona of tempersture and humidity appears feasible by contrcl of the
absorbed gas layer and by introduction of cathodic partieles either in the
form of oxides or in the form of small volumes of a more electrically posie
tive metal deposited at selected sites.

CREEP
WADC TR 57-96 April 1958
ASTIA Document Noe. 151114
0I5 Release
SUBJECT : A SUMMARY OF COMPRESSIVE-CREEP CHARACTERISTIC

OF MATAL COLUMNS AT ELEVATED TEMPERATURES
INVESTIGATOR: Re L. Carlson
Ge Ko Manning

CONTRACT: AF 33(616 )=3317
CCNTRACTOR: Battelle Memorial Institute
ABSTRACT: A summary of an extensive study of the ereep buckling of

metal columns is pressnteds The column behavior prior to collapse is desribe
ed and the eolumn action at the time of buckling is interpreted in terms of
stability.

Solutions to creep buekling are discusseds It is concluded
that in spite of certain limitations, Shenley's time-dependent tangent-modu-
lus method has several practiczl advantages over available analytical solue
tions,

An application of the time-dependent tangent-modulus method
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to four structural metals indicates that estimates sre consistently conserva-
tive for small values of column imperfection, Impsrfection variations were
generally observed to h=ve a very marksd effect on the column lifetime,

The possible existence of a lower column-load linit below
which time-dependent collapse will mot occur is discussed, From a rational
consideration of known creep behavior it 1s coneluded that there may be a
temperature below which finite lower limits exist and above which the lower
limit is zero.

WADC TR 57-104 May 1957
ASTIA Document No. AD 130762
0TS Release
SUBJECT: ANALYSTS OF DYNAMIC CREEP CONSIDERING STRAIN
RATE EFFECTS
INVESTIGATOR: F, H, Vitovec
CONTRACT : AF 33(616)-2803
CONTR ACTQR: University of Minnesota
ABSTRACT: The dynamic creep behavior of a number of materisls is

diseussed and classified, The creep properties under simultaneous aetion
of static stress and alternating stress have been derived by several authors
fron the creep rate-stress relationship under statie load, The use of this
so derived stress range diagram for cresp as a basis for determination of
acceleration or retardation of dynamic creep is emphasized, Retardation of
creep is attributed to aging effects, and to strain rate effects caused by
alternsting sitress frequency. Acceleration of cresep is attributed to metal-
lurgical changes, and overtemperature at very high frequenciese. Special con-
sideration is given to the effect of superposition of strain rate and creep
rates The theoretical analysis of the strain rate effects in dynemic creep,
presented here, ccnform with the experimental observation that retardation
of creep increases with increasing temperature, and with increasing alter-
nating stress frequency if metallurgical effects are negligible,

WADC TR §57-150 Pt I February 1958
ASTIA Document No, AD L50936

0TS Release

SUBJECT: EFFECT OF PRIOR CREEP ON MECIIANICAL PROPHERTIES

OF AIRCRAFT STRUCTURAL METALS
(2024-T86 Aluminum and 17-7 PH Stainless)
INVESTIGATOR : Jereny V. Gluck
Howard Re. Voorhees
James W, Freeman

CONTRACT : AF 33(616)-3368
CONTRACTOCR: The University of Michigan
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ABSTRACT Texts havs besn performed on two typical aireraft struct-
ural sheet alloys in an investigation to study changes in moechanical proper=
ties brought about by prior exposure to elevated-temperature creep conditicns,
‘Specimens of 2024-T836 aluminum alloy and 17-7PH (TH 1050)precipitation harden-
ing stainlers sisecl were exposed for times of 10, 50, and 100 hours at siress-
es giving up to 3% total deformation, using temperatures of from 350° to 500°F
for the 2024~T86 and 600° to 900°F for the 17-7FH,

Following the exposures, shortetine tensile, compression,
or tension-impact tests werse run at either room temperature, the temperature
of exposure, or both, The results indieate that the short-time strength of
structural materials may be either raised or lowsred, The changes in pro-
perties may approach as much as 50 percent of the original values The Qdi-
rection of the change depends on the material, test temperature, crecp ex-
posure coniitions, =and property being measured,

From the standpoint of the structures designer the most
importent changes found to date are a large drop in strength for 2024-T86
after prior ereep exposure for times of from 10 to 100 hours and an apparent
decline in the room temperature duetility of 17=7PH (TH 1050 condition)
after prior creep exposure for 100 hours at tempsratures near 600°F,

WADC TR 57-150 Pt II April 1958
ASTIA Document No, AD 151115
OTS Release

SUBJECT ¢ EFFECT OF FRIOR CREEP ON MECHANICAL PROPERTIES
OF AIRCRAFT STRUCTURAL METALS
Part II ~ 17-7PH Alloy (TH 1050 Condition)
INVESTIGATOR: Jeremy V. Gluek
Howard R, Voorhees
James W, Freeman

CONTRACT s AF 33(616)3368
CONTRACTOR: The University of Michigan
ABSTRACT: A study was earried out of the effect of exposure to

elevated=temperature ereep conditions on subsequent mechanieal properties of
aireraft structural metals, The present report considers a precipitation
hardening stainless steel, 17-7PH (TH 1050 condition), Exposures were con-
ducted for times of 10, 50, or 100 hours either unstressed or at stresses
giving up to 3-percent total deformation at temperatures between 600° and

900°F,

Following the exposures, short-«time tensile, compression,
or tension-impact tests were run at either room temperature or the tempera-
ture of exposuree, The principal effects found were a loss in ductility im
tensile tests and a substantial loss in compression yield strength afier ex~
posure to creep at 600°F, In general, remarkably little change in the other
mechanical properties was found as a result of exposure to creep, with any
such changes primerily coafined to increases in sirength,
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WADC TR 57-297 June 1957
ASTIA Document No, AD 130802

OTS Release

SUBJECT: DESCRIFTIONS OF SOME CURRENT METHODS FOR DETERMINING

CREEP PROPERTIES UNDER COMPRESSIVE, BEARING AND

SHEAR TYFE OF LOADING
INVESTIGATOR: E, L, Borne
ABSTRACT: This report gives descriptions of several methods currently
used for evaluating ereep behavior in compressive, bearing and shear types
of loading., Four methods for compressive creep testing are described., Two
methods for bearing creep and four methods for shear creep, respectively,
are also given, Only unclassified and non-proprietary information are dis-
cussed, Special mention is made of methods developed under WADC sponsor-
ship. Muture panel action will be based on recommendations by panel members
and the organizations they represent resulting from a study of methods de-
scribed in this report.

DESIGN CRITERIA

AF TR 6517 Pt V December 1957
ASTIA Document No. AD 142218

0TS Release

SUBJECT: DETERMINATION OF THE TENSILE, COMPRESSIVE AND

BEARING PROFERTIES OF FERROUS AND NONFERROUS
STRUCTURAL SHEET MATERIAIS AT ELEVATED TEMPERATURES

INVESTIGATOR: Donald E, Miller

CONTRACT : AF 33(616)-3145
CONTRACTOR: Armour Research Poundation
ABSTRACT To provide data for the establishment of design eriteris,

the compressive and bearing properties of six aluminum alloys, three mag~
nesium alloys, two titanium alloys, two stainless steels, and one alloy
steel have been determined at elevated temperatures. Tensile data were al-
80 obtained for all materials except the stainless steels. Each material
vas tested at several temperatures as follows: 2014-T6, 7075-T6, and X7178-
T6 aluminum alloys and Mi-H24, AZ31-H2)j, and AZ31-0 magnesium alloys at
200°, 300°, 400°, 500°, and 600°F; 2024-T3 aluminum alleys at 212°, 3oo°,°
400°, 500°, 600°, and 700°F; 2024-T81 and 202L-T86 aluminum alloys at 200°,
300°, and L4O0°F; annealed titanium, cold-rolled titanium, Type 301 half-
hard stainless steel, Type 302 annealed stainless steel, and SAE 4130 alloy
steel at L00°, 606°, 800°, and 10COCF, Specimens of all materials were
aged for 0,5 hr at test temperature prior to testing,
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The test materials used in the program were leftover
portions of sheets which had been tested previously. They had been in
storage for periods ranging from 3 to 5 yrs. Analysis of the test data
suggested that long room temperature aging has a substantial effeet on
the elevated temperature properties of certain hard-rolled and heat-treated
alloys, The properties of the fully annealed materials, however, appeared
to be unaffected by protracted aging at room temperature,

Test specimens, equipment, and procedures are described in
detail, and test results are presented in both tabular and graphical form,

WADC TR 55-150 Pt V October 1957
ASTIA Document No. AD 142069

SUBJECT: MATERIALS-PROPERTY~-DESIGN CRITERIA FOR METALS
Part V. The Conventional Short-Time, Elevated-
Temperature Properties of Selected Stainless
Steels and Super Alloys

INVESTIBATOR: Ronald J, Favor
William P, Achbach
walter S, Hyler

CONTRACT : AF 33(616)-2303
CONTRACTOR; Battelle Memorial Institute
ABSTRACT: Presented in this report is a campilation of data on the

conventional short-time, elevated-temperature properties of selected cor-
rosion-resistant and high-temperature alloys applicable to airframe and
missile fabrication, The resultant recommended design data obtained in
this study have been presented in such form as to be directly applicable
to the ANC-5 Bulletin (issued by the Air Force-Navy-Civil Panel) on
*Strength of Metal Aircraft Elements*,

WADC TR 55-150 Pt VI October 1957
ASTIA Document No, AD 142043
OTS Release

SUBJECT: MATERIALS-PROFERTY-DESIGN CRITERIA FCR METAILS
Part VI - The Conventional Short-Time Elevated-
Temperature Properties of Selected Light Alloys
INVESTIGATOR: W, P, Achbach
R, J, Favor

W. S, Hyler
CCNTRACT: AF 33(616)-3965
CONTRACTCR: Battelle Memorial Institute
ABSTRACT: Deseribed in this report is a compilation of data on the

conventional short-time elevated-temperature properties of selected light
alloys applicable to airframe and missile fabrication., The resulting recom-
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mended design data obtained in this study hes been presented in such form
as to be directly applicable to Bulletin ANC-5 (issued by the Air Force-
Navy-Civil Panel) on *Strength of Metal Aircraft Elements",

WADC TR $5-150 Pt VII October 1957
ASTIA Document No. AD 142064

SUBJECT: MATERIALS-PROPERTY-DESIGN CRITERIA FOR METALS
Part VII. The Conventional Short-Time, Elevated-
Temperature Properties of Selected low-and
Medium-Alloy Steels

INVESTIGATOR: Ronald J, Pavor
Willjam P. Achbach
Walter S, Hyler

CONTRACT: AP 33(616)-2303
CONTRACTOR: Bat telle Manorial Institute
ARSTRACT: Presented in this report is a compilaticn of data on the

conventional short-time, elevated-temperature properties of selected low~
and medium-alloy steels applicable to airframe and missile fabrication,

The resulting recommended design data obtained in this study have been pre-
sented in such form as to be directly applicable to the ANC-5 Bulletin
(issued by the Air Force-Navy-Civil Panel) on "Strength of Metal Aircraft
Elements",

WADC TR £5-199 Pt III September 1957
ASTIA Document No, AD 142003

OTS Release

SURJECT: TENSILE PROPERTIES OF AIRCRAFT-STRUCTURAL METALS

AT VARIOUS RATES OF LOADING AFTER RAPID HEATING

INVESTIGATOR: William P. Roe
J. Robert Kattus

CONTRACT': AF 33(616)-42L
CONTRACTOR¢ Southern Research Institute
ABSTRACT: The purpose of the present phase of this program was to

determine the effects of variations in strain rate and holding time at
temperature on the tensile properties of several aireraft-structural
metals after they had been heated within 10 sec to test temperatures ap-
proaching the melting points of the alloys involved. Major emphasis was
placed on an accurate determination of these effects on the ultimate
tensile strength and 0.2%-offset yield strength, The modulus of elasti-
city, percent elongation, and proportional limit were determined with
less accuracy as by-products of the data for the purpose of establishing
trends, This investigation covered strain rates from 0.00005 in./in./
sec to 1,0 in./in./sec, holding times at test temperature from 10 sec to
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1800 sec, and the following sheet materials over the range of test tempera-
tures indicated:

Annealed Stellite-25, 1600°F - 2250°F
Heat-treated Inconel-X, 1600°F - 2250°F
Full-hard 301 stainless steel, 1600°F - 2250°F
Annealed A110-AT titanium alloy, 1200°F - 2770°F
Alclad 2024-T3 aluminum alloy, 800°F - 900°F

In general, the ultimate tensile strength and 0.2%-offset
yield strength of all test materials increased appreciably with increasing
strain rates at each test temperature, With only minor variations, the
apparent modulus of elasticity showed a consistently increasing trend with
increasing strain rates, The same was true for the percent elongation with
the exception of annealed A110-AT titanium alloy, which showed & decreas-
ing trend with increasing strain ratea,

Because of atmoaspheric attack, the properties of the All0-
AT alloy deteriorated with increasing times at the higher test temperatures.
Holding times at test temperature had no significant effect on any of the
properties of the other materials investigated,

At 2250 F, annealed Stellite-25 had the greatest strength,
followed by heat-treated Inconel-X, annealed A110-AT titanium alloy, and
full-hard 301 stainless steel,

The oxidation resistance of annealed Stellite-25 and heat-
treated Inconel-X was good at 2250°F, full-hard 301 stainless was fair to
poor, and annealed A110-AT titanium alloy was poor, Alclad 2024-T3 alumi-
rum alloy showed good oxidation resistance at 900°F,

WADC TR 56-LL June 1957
ASTIA Document No, AD 130777

0TS Release

SUBJECT: ANALYTICAL METHODS FOR DETERMINING SFECIFIC DAMPING

ENERGY CONSIDERING STRESS DISTRIBUTIMN
INVESTIGATOR: E. R, Podnieks

B, J, Iaz=n
CONTRACT : AF 33(616)-2803
CONTRACTOR: VUniversity of Minnesota
ABSTRACT: Various energy and energy ratio units for expressing the

damping properties of materisls are discussed, Specific damping energy
(in-1b/cu in/ cycle) is proposed as the most useful unit for comparing
materials and performing engineering calculations, Analytical methods are
presented for converting the total or average damping energy of a speci-
men to its specific davping, The role of the volume-stress function in
this analysis is discussed in general and specific cases are illustrated,
Additional factors involved in converting such energy ratio units as
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logarithmic decrement are analyzed, Data on the dimensionless damping
and strain energy integrals are included for a range of conditions to
facilitate data conversion., Caution is urged in interpreting damping data
in which stress distribution and other factors, analyzed in this report,
are not fully considered.

WADC TR 56-340 September 1957
ASTIA Document No. AD 131069

0TS Release

SUBJECT: DETERMINATIGN OF TENSILE, COMPRESSIVE, BEARING, AND SHEAR

PROPERTIES OF FERROUS AND NON-FERROUS STRUCTURAL SHEET
METALS AT ELEVATED TEMPERATURES

INVESTIGATOR: John V, Mslonas
J. Robert Kattus

CONTRACTs AF 33(616)-2741 and AF 33(616)-322}4
CONTRACTOR: Southern Research Institute
ABSTRACT : The tensile, compressive, bearing, and sheer properties

of the following sheet metals were determined at various temperatures
after exposure times from 1/2 to 1000 hours at the test temperature:

1, AISI-4130 alloy steel, 150, OCO psi nominal strength level
2, AISI-}130 alloy steel, 180, 000 psi nominal strength level
3. AISI-}4130 alloy steel, 200, 000 psi nominal strength level
4o Al10-AT titanium alloy

5« HK31-H2) magnesium alloy

6. Type 301 stainless steel, full-hard

The magnesjum alloy was tested over a temperature range trom 75°F to 600°F,
whereas the other test metals were tested at temperatures to 1000°F,

The test results show that all strength snd modulus pro-
pertles decreased to some degree with increasing temperature over the range
studied. Increasing exposure time, which had no significant effects on
modulus~-cf-elasticity values, resulted in some decreased strength propear=
ties in all test metals at the higher test temperatures but had no appreci=-
able effect at the lower temperatures. In general, the effects of varis=
tions in temperature were greater than the effects of veariations in expos-

ure time,

A correlation and comperison of the test results indicated
some crude relationships between various properties, These relationships
provide a means of calculating rcugh estimates of certain properties on the
basis of a different property determination, The accuracy of these calcula-
tions decreases as the range of materials and conditions, to which they are
applied, increases, For the entire range of materials and conditions used
in this work the accuracy of the various property relationships ranged from
*11% to ¥55%. Precise and reliable data on the tensile, compressive, bear=-
ing, and shear roperties of aircraft-structural materials cen be obtalned
only by testing under the desired conditions,
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ELECTRODEPOSITION

WADC TN 57-178 June 1957
ASTIA Document No. AD 130821

SUBJECTs. EFFECT OF SHOT-PEENING PRICOR TO CHRGMIUM PLATING ON THE
FATIGUE STRENGTH OF HIGH STRENGTH STEEL
INVESTIGAYOR: Bennie Cohen
ABSTRACT: The effect of shotepeening prior to chromium plating on
the fatigue strength of high strength steel heas been studied in an effort
to minimize the drastiec drop in fatigue strength, approximately 50%, which
occurs as a result of chromium platinge Shot-peened, chromium plated steel,
220,000 psi UTS, had an endurance limit 12% higher than the bare unshote
peened steel. Shot-peened, chromium plated steel, 220,000 psi UTS, which
was baked after plating, had an endurance limit 18% higher thean the bare
unshot-peened steele Shot-peened, chromium plated steel, 280,000 psi UTS,
showed only a slight decrease in fatigue strength in both the baked and
unbaked conditions when compared to the fatigue strength of the unshote
peened bare steel,

WADC TR 57~514 Januery 1958
ASTIA Document No. AD 142316

0TS Release

SUBJECT: DEVELOPMENT OF ELECTROPLATING PROCESSES TO ELIMINATE

HYDROGEN EMBRITTLEMENT IN HIGH«-STRENGTH STEEL
INVESTIGAT(R Je E. Chilton

CONTRACT: AF 33(616)-3429
CONTRACTCR ¢ Stanford Research Institute
ABSTRACT 3 The embrittlement of cedmium plated high-strength steels

€eges (SAE 4340) by hydrogen is of serious ecncern to the Air Force.
Unexpected failures of highly stressed components have been experienced.
It has been found that cadmium plating from a sulfamate, a perchlorate,
or a fluoborate bath with eaddition agents c¢an be accomplished without
embrittling the ateel, but that the gquality and adherence of the cadmium
plate emerging from these baths, as compared with the cadmium plate from
a cyanide bath, indicates the need for further evaluation before use.

In order to evaluate the effects of verious degrees of
hydrogen embrittlement on the steel, a sensitive mechenical test method
was requireds The important criteria were that the test coupon be of such
geometry that it could be plated uniformly and that the test would evaluate
only the effect of hydrogen embrittlement. Simple bend tests and notched
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bar tensile tests have been commonly used for studying the embrittling
effects In this progrem, the bend test, torsion test, and static sustained
load beam teat were investigated. 4 static sustained load beam test,

using & 9= x 1/h= x 1/2~inch specimen with the grain trensverse to the
length was adopted. The SAE 4340 specimens were heat treated to 280,000
to 300,000 pounds per sguare inch tensile strength and the fracture time,
under a given stress, was taeken as a measure of the degree of hydrogen
embrittlement.

It was found that replicate specimens show a large
deviation in fracture times in spite of the cere that was given to the
selection, preparation, and testing techniquese. These devieations are
due to the normal defects and variables that are present in commercial,
air melted, aircraft quelity steel.

WADC TR 58«5 Pt I March 1958
ASTIA Document No. AD 151078

SUBJECT t: COATINGS OF NICKEL-ALUMINUM ALLOYS PREPARED BY ELECTROLYSIS

INVESTIGATORS Dwight E. Couch
Jean H. Connor

CONTRACTs AF 33(616)57-10
CONTRACTOR 3 National Bureau of Standards
ABSTRACT; The electrodeposition of nickel=aluminum alloy coatings

for the protection of Thermold J Alloy steel was investigated because of
certain properties of the alloy, namely, extreme hardness and oxidation
resistances The alloy was formed by plating aluminum upon a layer of
nickele When the fused salt baths operated above the melting point of
aluminum, the alloy was formed directly., When the aluminum was deposited
at lower temperatures, the samples were later heated to form the alloy

by diffusion. Oxidation date and salt spray corrosion resistance of the
alloy-plated steel are given, Optimum protection of the steel was afforded
by the alloy formed at 700°C, consisting of 2 mils of nickel and 0.2 mil

of aluminum,

ELECTRONIC MATERIALS

WADC TN 57-241 September 1957
ASTIA Document No. AD 131074
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SUBJECTs ELECTRICAL AND ELECTRONIC MATERIALS FOR HIGH SPEED
MISSILES AND AIRCRAFT
INVESTIGATOR: Dr. R. N, Bvans
ABSTRACT s The materials which go into the construction of eleetrical
and electronic component parts for aircraft and missiles are discussed
from a chemicel point of views Materials are divided srbitrarily imto
Organic and Inorganic types. Environmental hazards under which the materials
of high speed aireraft and missiles must perform ere listedes A blueprint
of heteroatom polymer types and inorganic synthetic approaches is indicated
representing the state-of=-the-art effort to meet the severe thermal,
nuclear, sonic requirements. The role of the materials engineer in the
development of new electronic materials is discussed.

WADC TN 5854 April 1958
ASTIA Document No. AD 151183

SUBJECT : HIGH TEMPERATURE ELECTRICAI, INSULATION MATEKRIALS FOR
MISSILES AND ATRCRAFT

INVESTIGATOR Dr. R. N. Evens

ABSTRACT ¢ A review on the development of special-purpose electrical

materials is presented together with new areas of materials development

which may profitably be exploited. The environmental factors to which high

speed aireraft and missiles are exposed are discussed. A materials program

designed to meet these measurements is presented and its relation to

programs on end-~item development is pointed out.

FATIGUE

WADC TR 56-611 Marech 1957
0TS Releasge
SUBJECT: INVESTIGATION OF MATERIALS FATIGUE PROBLEMS
INVESTIGATOR: He N. Cummings

F. B. Stulen

W. C. Schulte
CONTRACT : AF 33(616)=-2876
CONTRACTOR s Curtisg-Wright Corporation
ABSTRACT'¢ The studies of high-hardness steels that were begun under
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Contract AF 33(616)~493 were continueds S=N curves were obtained for SAE
4340 air-melted steel of 230 ksi UTS and vacuum melted steel of 190 ksi UTS.
Several steels of 300 ksi UTS were investigated by Prot tests, and S-N
curves were obtained for a 4350 steel of the same UTS. Studies of the
relation of non-metallic inclusions to fatigue life and strength of the
steels were continued and exploratory studies were made of crack initiation
end propagatione The applicebility of the Prot method of testing to four
non-ferrous metals was also included in the work done under the present
contracte

WADC TR 57~310 November 1957

ASTIA Document No. AD 142118

OIS Release

SUBJECTs THE EFFECT OF VARIOUS MACHINING PROCESSES ON THE REVERSEDe

BENDING FATIGUE STRENGTH OF A«l110 AT TITANIUM ALLOY SHEET
INVESTIGAT(R: Robert J. Rooney
ABSTRACT: The results of reversed cantilever bending fatigue tests
on A=110 AT (5% 4L - 2.5% Sn) titenium alloy sheet, machined by various
processes, are presented. The machining processes employed were the
following: Ultrasonic, slab milling, chem-milling, grinding and electrical
discharge machininge The effect of shot-peening on the fetigue strength of
the "as~rolled® alloy is also presenteds The effects of the verious machining
processes, ag well as that of shotepeening, ere shown by comparing the
fatigue strengths obtained under these conditions with the fatigue strength
of the material in the "as~rolled" condition. Kesults of the meesurements
of residual surface stress in the "as-rolled® material are alsc presented.

WADC TR 57589 April 1958
ASTIA Document No. AD 151162

0TS Release

SUBJECT: FATIGUE STRENGTH REDUCTION FACTCRS FOR INCLUSIONS IN

HIGH STRENGTH ST:ELS
INVESTIGATOR: H. N. Cunmings

F. B. Stulen
W. C. Schulte
CONTRACT$ AF 33(616)-5182
CONTRACTOR: Curtiss~Wright Corporation
ABSTRACT: Tentative values of Fatigue Strength Heduction Factora for

non-matallic non-malleable inclusions in single-nucleus fractures of

R. Ry Moore rotating beam specimens are determined by two methodss Data
for the computations are taken from tests on 309 specimens of SAE 4340 and
4350 steel, of 140, 190, 230, 260 and 300 ksi UTS. Quantitative results
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are thought to be somewhere near the correct order of magnitude., Qualita=~
tively, it is concluded that the values of the factors depend upon the size
of the inclusions and upon the hardness level of the steel, Also, it is
thought that for very amall inclusions (less than 0,00025 inch) other
inhomogeneities inherent in the steel itself dominete the failure of a
specimen,

(2

FUELS
WADC TR 55-138 March 1957
ASTIA Document No. AD 118109
0TS Release
SUBJECT: ACCELERATED STCRAGE STABILITY OF AVIATION FUELS

INVESTIGAT(R ¢ R. W. Sneed

0. M. Ballentine

Capte J. H. Winterhaulter
ABSTRACT: This work is a study of aviation fuels of various base
stocks, containing several different additives, and stored under accel=-
erated conditions in two different type containers; the purpose was to
obtain data on the deterioration which may be expected during the storage
of aviation fusls at desert temperature.

Wide variations were found in the rates of deterioration
of the fuels. Phenylene diamine appears to be the best oxidation inhie
bitor ard the C, and C, alkylate base stock is more stable than the

straight run fuel; copper definitely accelerates gum formation.

GRAFHITE
WADC TR 57-491 Pt I October 1957
ASTIA Document No. AD 142022
0TS Release
SUBJEETs SiC~-GRAFHITE BODY FOR ELEVATED TEMPERATURE SERVICE
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INVESTIGATOR Carl F. Cline

CONTRACT &: AF 33(616)=3538
CONTRACTOR s The Carborundum Company
ABSTRACT: A graphite body bonded by silicon carbide has been

developed which has physical properties superior to graphite alonee. Data
are presented for transverse rupture strength, density, chemical analysis,
and tensile strength. One composition has an average transverse rupture
strength of 12,000 pounds per square inch at 1500°C. as compared to

5400 pounds per sguare inch for ATJ graphite.

A dynamic high temperature test was developed which
utilizes the high current arc as its heat source. Data are presented
on the stability of the developed bodies as compared with ATJ graphite
vhen the materials are subjected to a preliminary version of the high
temperature arc test.

WADC TR 57«602 Februery 1958

ASTIA Document No. AD 150962

SUBJECT: GRAPHITE=-BASED MATERIALS FOR HIGH TEMPERATURE AFPPLICATIONS
INVESTIGATOR: M, Janes

CONTRACT s AF 33(616)=3537

CONTRACTCR3 National Carbon Company

ABSTRACT: Recent esrodynamic developments require a material which

will endure under conditions of high heat flux with consequent high surface
temperatures and high flow of an oxidizing gas relative to & body of the
materiale Surface temperature rise may be quite rapid, so thet the material
must possess resistance to thermael shocke Graphite has outstanding high
temperature strength, & high sublimation temperature, and excellent thermal
shock resistence in comparison to other agglomerate bodies. However, it

is quite reactive with oxygen or other oxidizing gas at high temperatures
and high relative gas flow rates.

This report summarizes the results of a first year of
a program to compere the oxidation, with accompenying erosion, of graphite
prepared with varistion in raw masterials or processing, and of combinations
of graphite with metals, carbides and compounds such e&s calcium fluoride.

Three different procedures for testing oxidation~erosion
resistance, varying in principle and in severity, have been developed
and used. Two procedures for evaluating relative thermsl shock resistance
are described.

Graphite materials prepared by the variations in raw
materials end processing so far evaluated, show relatively minor differences

in oxidation~eXosion rate. Removal of catalytic impurities substantially
reduces the rate of oxidation if any portion of the specimen is sub jected
to relatively low temperature oxidations
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Combinations of graphite with various cerbides such es
those of boron and titanium together with silicon carbide, with the
carbide incorporated throughout the body, have shown considerably improved
oxidation resistance in an intermediate temperature range (to about 1700°C).
It appears possible that further development will extend the stability
of these materials to higher temperatures,

HYDRAULIC ELUIDS

WADC TR 55=89 Pt V July 1957
ASTIA Document No. AD 118341

SUBJECT: PHYSICAL AND CHEMICAL LABORATORY EVALUATION OF SILICATE
BASE HIGH TEMPERATURE HYDRAULIC FLUIDS
Part Ve Room Temperature Hydrolysis Studies
INVESTIGATCR: George Baum
ABSTRACT s Silicatewesters are being considered for use in 400°F
hydraulic systems. Previous study had established evidence of the
hydrolytic instability of the silicate~ester formulaetions.

The behavior of four silicate«aster base formulations
toward extended storage with varying quantities of water was studied,
The formulations presented varying degrees of hydrolytic stability.
Solids formation wes encountered with all formulations., However, the
disiloxane formulation (MLO 8200) produced significantly lower quentities
of solids than the other three formulations. Addition of a diester to
this disiloxane formulation resulted in a large increase in the amount of
solids formeds The solids formed were not & linear function of water
prasent. Instead, maximum solids occurred at intermediste water concene
trations. '

WADC TR 56-168 Pt II February 1958
ASTIA Document No. AD 150988

OTS Release

SUBJECT: SILICONE FLUID RESEARCH FOR THE DEVELOPMENT OF HIGH

TEMPERATURE HYDRAULIC FLUID AND ENGINE OILS
INVESTIGATOR: Edgar D. Brown, Jr.

Normen G. Holdstoek
CONTRACT ¢ AF 33(616)=2899
CONTRACTOR: General Electric Compeny
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ABSTRACT @ Continued study of the chlorophenyl silicone formulation
has resulted in development of an additive which greatly improves the
lubricity of the base fluid (F=50) without impairing other desirsble
features such &3 viscosity-temperature charaseteristics and oxidation
stability below 500°F., This additive is a straight chain linked tine
carbon-silicon~oxygen polymer and is soluble in the base fluid at all
temperatures down to =65°F, The tin polymerwsilicone formulstion has
been designated silicone fluid 81717 and will allow for prolonged use in
the =65°F to 575°F temperature renge. Under sppropriate conditions of
high pressure end wet atmosphere, hydreulic fluid use in the 650°F ~ 700°F
range is possible.

Silicone fluids undergo thermal rearrangement above
600°F which ceuses large changes in viscosity properties. However, a
change in structure to silicone carbon linkege has yielded fluids with
excellent 700°F thermal stability. Further syntheses and ewaluation
svudy is required to produce fluids of the desired lubricity level,

The fluid with the best over~all oxidetion stability is
still the base-stock, F-50, with iron octoate as oxidation inhibitor.
This is now available as silicone fluid 8164l .

WADC TR 56=207 Pt III April 1958
ASTIA Document Nos AD 151166

SUBJECT s: *CHAIN TYPE* POLYPHENYL AND POLYNUCLEAR AROMATIC
COGMPOUNDS AS BASE MATERIALS FOR HIGH TEMPERATURE STABLE
AND RADIATICN RESISTANT., LUBRICANTS AND HYDRAULIC FLUIDS

INVESTIGATOR: Josef J. E. Schmidt
John As Krimmel
Thomes J. Farrell, Jre

CONTRACT s AF 33(616)=2939
CONTRACTCR: Denver Research Institute
ABSTRACT': This report describes the preparation and investigation

of alkyl=biphenyl end alkylterphenyl derivatives and their intermediates.
In particular, homologous series of 4' ~alkyl-m~terphenyl and 3ealkyle
meterphenyl compounds have been prepared in connection with a eloser
investigetion of the correlations between chemical structure of these
classes of compounds end their physical properties, thermal stability,
and their feasibility as thermally stable and radiation resistant fluids.

Two helf-gallon samples of the more promising fluids,
4! -n-nonylem- terphenyl and 3-n~heptyl-m-terphenyl, have been prepared
for WADC's Materials Laboratory under contractual terms for the purpose
of additional testinge.
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WADC TR §57=2 September 1957
ASTIA Document No. AD 131080

SUBJECT: HIGH TEMPERATURE FLUID EVALUATION TEST STAND
INVESTIGATOR: Donald B. Reinke

CONTRACT & AF 33(616)=3126 ,

CONTRACTOR: Sundstrand Aviation Division

ABSTRACT' ¢ A hydraulic fluid test stend with the capability of

evaluating fluids at temperatures up to 700°F and pressures up to 3000
psi has been constructede. 4 survey of the industry showed several
arees in which reliable aircraft type components were not available,
and in such instances the best available non~aircraft components were
adapted to complete the test stand.

This report describes the fluid eveluation parameters,
the finslized test procedures to be used for fluid enelysis, the
selection of components, and the results of initial check=out tests.
Evaluation of hydraulic fluids at the temperature level for which this
stand is built represents a potential fire hazard. Safety and automatic
control provisions are noted,

WADC TR 57-119 July 1957
ASTIA Document No. AD 130915

OIS Release

SUBJECT: DEVELOPMENT OF A HYDHOLYTICALLY STABLE HIGH TEMPERATURE

HYDRAULIC FLUID
INVESTIGATCR: Robert L. Peeler
Steve A. Kovacieh

CONTRACT s AF 33(616)=3476
CONTRACTOR ¢ California Research Corporation
ABSTRACT: This report covers the first year's work on a contract

to improve the hydrolytiec atability of silicate based hydraulic
fluids operating in the =65°F to 400°F temperature range.

A literature search wes made of the mechanism and factors
affecting the rate of hydrolysis of alkoxysilanes. Steric effects were
found to be the most important factor,

Silanes, disiloxanes, trisiloxsnes, and miscellaneous
silicates, having primsry, secondary, and tertiery alkoxy, alkyl, and
phenyl groups, were synthesized. These compounds were evaluated for
hydrolytic stebility at 400°F, Of the compounds tested to date, silanes
with two tertiary butoxy and two secondary elkoxy groups have the
greatest hydrolytic stabilitye. Di(tert~butoxy)edi(5-ethyl~=2~nonoxy)
silene end di(tert~butoxy)di(2=octoxy)silene were the two most stable
compounds prepared.
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Disiloxanes containing secondery alkoxy end two tertiary
butoxy groups have not shown stability comparable tc the silanes,

Two carboxylic acid esters and four silicones were
evaluated for hydrolytic stability at LOO®F for reference purposes.
Contrary to the good hydrolytic stebility shown by these synthetic
materials at 200°F, they showed considerable deterioration at L0Q°F,
Thus, the best silenes prepared in this progrem sre more stable in this
test than other types of synthetic base materials usually assumed to
heve gatisfactory stability.

A small-scale, LOO®F hydrolytic stability test method
was dewveloped which shows good correlation with the standard bomb method.
Diesters, mono-esters, and hydrocarbons have been found which are more
effective swelling agents for Neoprene than di(2-ethylhexyl) sebacates
Dimethyl silicones were found to be the most effective viscosity index
improvers of those tested, although other high viscosity silicones,
polymethacrylates, and polyvinyl ethers were al1so usasble. With di(tert-
butoxy)di(2-octoxy)silane, a fluid with 2500 cs viscosity at =65°F
and over l.0 ¢s at 4LO00°F can probably be prepared. Oxidation tests
at 4OO°F indicated the need for better inhibitors. Four-Ball Wear prope=
erties of the new hydrolytically stable base stocks were equivalent to
the currently used hexa(2-ethylbutoxy)disiloxane.

WADC TR 57-151 May 1957
ASTIA Document No. AD 130764

OTS Release

SUBJECTs RESEARCH ON THE FLAMMABILITY CHARACTERISTICS OF AIRCRAFT

HYDRAULIC FINIDS
INVESTIGATCOR: Michael G. Zebetakis

Aldo L. Furno

Joseph J. Miller, Jr.

CONTRACT s AF 18(600)=-151
CONTRACTCR: Buresu of Mines
ABSTRACT': The results of minimum spontaneous ignition temperature

tests conducted on seven hydraulic £luids while in contact with seven
surfaces found in aircraft under conditions likely to be encountered in
practice are presented here. These tests were eonducted by members of
the Branch of Gas Explosions, Division of Explosives Technology, U. S,
Bureau of Mines between 1 November 1955 and 31 October 1956, Hydreaulic
fluids Esso Univis J=43, conforming to specification MIL-0=5606, MLO 53~
446 (Generel Electric GE 81406), MLO 54-540 (Monsanto 0S 45), MLO 54=540
(Monganto 0S 45), MLO 54=-581, MLO 54=-645 (85% Oronite 8200 * 15% Plexol),
MLO 54=856 (Hollingshead 72073C), and MLO 8200 (Oronite 8200) were tested
while in contact with heated aluminum, beryllium-copper, copper, megnesium,
pyrex glass, stainless steel end titanium surfaces. The effects of both
teat chamber pressure and injection pressure variations were investigated.
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WADC TR 57=151 Sup 1 May 1958
ASTIA Document No. 155510
0TS Release

SUBJECT s RESEARCH ON THE FLAMMABILITY CHARACTERISTICS OF AIRCRAFT
HYDRAULIC FLUIDS

INVESTIGATCR: Michael G. Zabetekis
Agneg C, Imhof
Frank W, Leng

CONTRACT s DO 33(616) =57=4
CONTRACT(R. Bureau of Mines
ABSTRACT: The results of spontanecus ignition temperature tests

conducted on JP=4 and seven hydraulic fluids in air while in conteet
with seven surfaces found in esircraft are presented. Tests were conducted
at reduced and elevated pressures using both low and high velocity injecw~
tion techniques. They were conducted by members of the Branch of Gas
Explosions, Division of Explosives Technology, U. S. Bureau of Mines
between 1 November 1956 and 31 October 1957, Hydreulic fluids Esso
Univis J-43 (Spec. MIL-0=5606), MLO 53446 (General Electric GE 81406),
MLO 54=-540 (Monsanto OS L5), MLO 54=581, MLO 54-645 (85% Oronite 8200 *
15% Plexol), MLO 54-856 (Hollingshead 72073C) and MLO 8200 (Oronite 8200)
were tested while in contaet with heated aluminum, berylliumecopper,
copper, magnesgium, pyrex glass, stainless steel end titenium surfaces,

In addition, the flash and fire points of these fluids were determined

in a standard ASTM apparatuse

WADC TR 57-167 August 1957
ASTIA Document No. AD 131009

0TS Release

SUBJECT's HIGH TEMPERATURE HYDRAULIC FLUID DEVELOPMENT STATUS

AND ENGINEERING DATA
INVESTIGATOR George Baum

Robert J. Benzing
ABSTRACT ¢ A review of the status of extreme high temperature
hydraulic fluid development is presented. Progress in research and
development for fluids with a high temperature capebility of 550°F to
700°F and a low temperature capability of O°F to «65°F is described in
details, The fluids within this temperature range and deseribed in this
report fall into the following classes of compounds; Orgenocsilicaetes,
disiloxanes, silicones, mineral ocils and silanes. The available data
on properties of these research fluids, important to hydraulic system
design are reported., These data include the fellowing; viscositye-
temperature, density~temperature, thermel stability, data for heat
transfer calculations, compressibility, vepor pressure, and flammability
measurementse
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The large amount of design data on ~65°F to JOOSF type
fluids obtained by industry and the military services is compiled and
reportede This includes both previously published and unpublished data.

WADC TR 57=-168 March 1958
ASTIA Document No. AD 142141

0TS Release

SUBJECT: LABORATORY EVALUATION OF SILANE FLUIDS AS POTENTIAL BASE

STOCKS FCOR HYDRAULIC FLUIDS AND LUBRICANTS
INVESTIGATCR: Harold W, Adems

Goorge Baum
ABSTRACT ¢ 4 new class of potential base stocks for high temperature
turbo jet engine o0ils and hydreulic fluids has been developed at this
Jaboratory. The physical and chemical properties of the alkyl ard alkyle
aryl silanes show them to possess good thermal stability up to 650°F,
good lubricity and marginal oxidative stability at 500°F.

An overall assessment of the properties of the silenes
evaluated indicetes that they are promising base materisls for a 0 to
500°F engine oil or a 0 to 700°F hydraulic fluid.

WADC TR 57-266 Pt I June 1957
ASTIA Document No. AD 130807
0TS Release

SUBJECT: EFFECTS OF NUCLEAR RADIATION ON ORGANIC FLUIDS
Part I, Gamua Radiation Stability of Certeain Minersal
Oils and Diester Fluids
INVESTIGATCR:.  Williem L. R. Rice, 1/Lt
Jemes H. Way, 1/Lt
ABSTRACT: A study was made of the stability to gemma radiation of
certain refined petroleum oils and diester fluids. Testing of the irree-
diated fluids by means of lubricant evaluation procedures, such &s
viscosity, flash point, end oxidation-corrosion resistance, indicated
that for the tests conducted, the mineral oils of the type studied
should _have general resgistance to gemma rediation up to a dosage of about
1 x 10° roentgens. The diester fluid di-2~ethylhexyl sebacate (Plexol 201)
had very poor stability to gemms radiation over the same rangee. Addition
of 0.5% phenothiazine improved the radiation resistance of this base fluid,
except fos the losa of oxidative stability experienced at dosage levels
of 1 x 10! roentgens and lover.

Exsminetion was made of the test date for the irradiated
fluids tc determine if any property chenges followed the radiation exposure
history. This was to discover if either the mineral oil or diester type
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fluids could be used as secondary reference stendards for radiation
ealibration of non-uniform geometries exposed to nuclear radiation, such
&as bearing assemblies or circulating fluid loops. The changes offering
the most promise were the increase in neutrelization number of the diester
fluid end the gas evolution of the mineral oils.

WADC TR §7-294 February 1958
ASTIA Document No. AD 151001

OIS Release

SUBJECT: RESEARCH ON LIQUID METALS AS POWER TRANSMISSION FIUIDS
INVESTIGATOR: Richard H. Blackmer

CONTRACT : AF 33(616)-3698

CONTRACTOCR Genereal Electric Company

ABSTRACT: The eutectic alloy of sodium (23 weight-percent) and

potassium (77 weight-percent), known as NeK 77, has been determined
from a technical survey of liquid metels and salts as the most feasible
liguid known for 10°F to 1000°F hydreulic system applicetions. A single
cylinder test pump in en inert atmosphere glove=box has pumped NeK-77
up to 3600 psi et 100°F and up to 2000 psi at 1000°F., A total of ebout
100,000 cycles at 1 cycle per second and an average pressure of 1500 psi
have been accumulated. Results of literature survey, consultation, and
laboratory tests are included in this reporte.

WADC TR 57-437 December 1957
ASTIA Doceument No. AD 142188
SUBJECTs HIGH-TEMPERATURE BASE STOCK FLUIDS
INVESTIGATOR: Edward S. Bleke William C. Hammenn
James W. Edwards Thomas E. Reichard
CONTRACT: AF 33(616)-3819
CONTRACTOR: Monsanto Chemical Company
ABSTRACT: A limited study was made on the variables involved in

the production of a quantity of bromine~free non-crystallizable mixed
bis-(methylphenoxy)benzene, by the Ullmann resction.

Thermal stability and other physical date sre reported
on 61 compounds which include seven classes not previously reported,
namely amides, sulfones, aromatic emines, ketones, silicon fluorides,
trieryl derivatives of Group V-B elements below nitrogen and ferrocenes.
Twenty chemical classes are compared in thermsl stability, and the
useful life for eight potentiel base stocks is estimated.

The limits of error for the WADC TR 55-449 oxidation
and corrosion test were determined using esters without antioxidants as
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test £ luids. This test was used to determine the oxidation susecepti~-
bility of certain compounds and substituent groups in aromatic ethers.
An attempt was made with some suceess to edapt a modified Warburg
apparatus for simplified oxidation studies.

Some eutectic and crystallization studies on various
aromatic ethers are reported. Numerous syntheasss were made.

WADC TR 57-573 December 1957
ASTIA Document No. AD 142262

0TS Release

SUBJECT's GAMMA RADIATION STABILITY OF OS-45 AND 0S-45-1

HYDRAULIC FLUIDS
INVESTIGATORS Williem L. R. Rice, 1/Lt
ABSTRACT: The hydraulic fluids (Se45 and 0S«/5~1 were exposed to
gamme radiation over the range 436 x 108 ergs/gm C to 8.71 x 1010 ergs/
em Ce Changes in the physical and chemical characteristics of the
fluids were determined following the stetic irradiations. It was observed
that me jor changes took place in most of the properties at the higher
exposure levels, Relationships were derived between the change in
certain properties and the gamma dosasge. It was concluded that although
the effects of gamma radiation on the fluids indicated possible difficulty
in their use in a radiation field, dynamie¢ in~source testing in a mocksup
hydraulic system would be necessary to establish their use limitetions.

WADC TR 57-581 March 1958

ASTIA Document No. AD 151074

SUBJECT: RESEARCH AND DEVELOPMENT ON THE SYNTHESIS OF TETRAALKYL
SILANES

INVESTIGATORs Edward E. Harris Robert J. Rayner
Frank Je. Milnes Roman Dombachewsky

CONTRACT: AF 33(616)-3430

CONTRACTOR: Olin Mathieson Chemical Corporation

ABSTRACT : One-gallon samples of nine tetrealkyl silanes and one -

diaryl dialkyl silane have been synthesized for testing &s high=-temper-
ature lubricantse. The diaryl dialkyl silane and three of the tetrasaslkyl
3ilanes have been produced in five-gallon quantitye. Finally, fifteen~
gallon guantities of diphenyl di-ge-octyl silene and di-p~-dodecyl di-n-
octyl silane have been produced. A Grignard process has been used for
all syntheses, both of intermediates and final productse
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WADC TR 58-8} May 1958
ASTIA Document No. AD 151191

SUBJECT: DEVELOPMENT OF HIGH-TEMPERATURE STABLE LIQUID UREAS
AND AMIDES

INVESTIGATOR: Cecil C. Chappelow, Jr,
Robert N. Clark

CONTRACT AF 33(616)=5129
CONTRACTOR: Midwest Research Institute
ABSTRACT': A progrem for the development of thermally stable ligquid

ureas was undertaken. This program congisted of the syntheses and evalu~
ation of new compounds which contain only carbonly groups, nitrcgen atoms
end organic radicals., The first class of compounds to be investigated
has been the tetra-substituted ureas,

During the syntheses program, a total of 26 tetra-sub-
stituted ureas were prepered, 23 of which are new compositions of matter
not reported in the literature, These compounds are representative of
the following types of tetra-substituted ureas: tetraalkylureas, dielkyle
diarylureas, tetraalkarylureas, dialkaryldiarylureas, N-(substituted
phenyl )triphenylureas and tetraarylurees.

During the evaluation program, primary emphasis was
placed upon thermal stability. As a result of this work, it was found
that the basic urea structure was very stable., Also, it was found that
the following substituent groups were thermally stable: diphenylene,
phenyl, 4emethylphenyl, 4~biphenylyl, 4-methoxyphenyl, 2,4~dimethylphenyl,
l- and 2-naphthyl, n-octadecyl, methyl, 4~phenoxyphenyl, n~butyle.

On the basis of preliminery experimental deta, tetra-
subastituted ureas as a class of compounds show promise as base materials
for high-temperature hydraulic fluid end lubricant applications.

LUBRICANTS
WADC TR 5383 Pt VI March 1958
ASTIA Document No. AD 151053
SUBJECT: DEVELOPMENT AND EVALUATION OF HIGH TEMPERATURE GREASE
THICKENERS
INVESTIGATOR: John C. Goossens
CONTRACT s AF33(038)-23687
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CONTRACTOR ¢ Standard 0il Company (Indiana)

ABSTRACT': This work weas directed toward the development of new
grease thickeners operable at temperatures above 450°F and as high as
700°F. During this period a variety of substances were prepared and
tested as thickeners for silicone and ester fluids. Those which proved
to be effective thickeners in less than 4 0% concentration were given
preliminery sereening tests and the better samples were run in the ABEC=
NLGI beering tester.

The general types of materials tested as high temperature
thickeners were polar organic compounds, polymers, and organo-metal
compounds. Seleetion of materials for test was based on theriel stability,
ease of preparation, eand &bility to prepare the substance in small particle
size, Of the many materials tested, those which have shown the greatest
promise are, in decreasing order of their effectiveness, a new substituted
pteridine, derivetives of hydrazine with bitolylene diisocyanate, phthaloyl
melamine and some derivatives of eyanuric acid. However, at present none
of these appears as good & high temperature thickener e&s the arylureas
dewveloped previously.

In addition to the usual 450°F high-speed bearing tests,
600°F bearing tests were conducted on silicone greases thickened with the
two better thickeners, arylurea and a pteridine derivative. The tests
were run both in air and under & slow stream of nitrogen. Both greases
ran 85 to 120 hours under nitrogen. In air the erylurea hed better
oxidative stability running 40 to 60 hours in contrast with approximately
20 hours for the pteridine thickened grease.

WADC TR 53=-293 Pt VIII February 1958

ASTIA Document No. &D 150994

0TS Release

SUBJECT: HIGH TEMPERATURE ANTIOXIDANTS FOR SYNTHETIC BASE OILS
Part VIII, Evaluetion of Antioxidants in Synthetic
Fluids

INVESTIGAT(R: James W. Cole, Jre.

CONTRACT: AF 33(616)=3234

CONTRACTCR: University of Virginia

ABSTRACT : This is a continuation of a leboratory progrem on the

evaluation of the oxidation patterns of synthetic fluids in the presence
and absence of inhibitors and metals in the temperature range 400°=700°F,
Two methyl chlorophenyl silicones, F-50 and F-60 were examined at 500°F
and 600°F, N,N'=di-2~-naphthylep-phenylenediamine in Q.1 = 0.2% was the
most interesting additive. Work with a mineral oil, MLO 57-30, did not
reveal additives of outstanding ectivity. Substances containing sulfur
and selenium showed promise, but some attack on silver and coppers
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The experiences with four tetra-substituted silanes showed that these
subgtances did not have outstanding response to additives. A series of
runs with & pentaerythritol ester, MLO 55-584, indicate that ring sube
stituted aryl emines have considerable antioxident activity over the range
400°=500°F, Some additional data for bis-(2-ethylhexyl) sebacate are
included to compare the promising emines with the phenothiazine type.

The former retain the inhibition of activity over & wider temperature
range. Some attention was given to determining the nature of the compo-
nents in an oxidized diester which contributes to the aciditye. It appears
thet some improvement may be achieved in a partial oxidized fluid by
washing with hydrocerbon sclventse The limitetions of a laboratory test
procedure are discussed, especially with respect to the evalusastion of the
effects of the test metals, aluminum, silver, copper, titenium and several
steels,

WADC TR 53~426 Pt IV May 1957
ASTIA Document No. AD 118307

0TS Release

SUBJECT s ORGANC~METALLIC AND ORGANO-METALLOIDAL HIGH~TEMPERATURE

LUBRICANTS AND RELATED MATERIALS
INVESTIGATOR: Henry Gilman
Richard D. Gorsich

CONTRACT: AF 33(616)=3510
CONTRACTCR: Iowa State College
ABSTRACT : This project is concerned primerily with the syntheses

of new compcunds to be examined &s potential hydraulic fluids end lubrie
cents. The syntheses and preliminary sereening of orgenoemetallic eand
orgeno-metalloidal compounds has been exterded. New cyclic compounds
continue tc be promisinge It has also been found that the meta~biphenylyl
group c&n be added to those groups which impert desirable physical charace
teristics. The methyldi-benzylsilylmethyl group is also of significent
promise.

In the experimental part, there is included a teble
which outlines the preliminary sereening of thirty-six compounds.

The security clessificaetion of this report is unclas-
gified,
WADC TR 53-426 Pt V December 1957
ASTIA Document No. AD 142211

SUBJECT: OKGANO-METALLIC 4ND ORGANO-METALLOIDAL HIGH~TEMPERATURE
LUBRICANTS AND RELATED MATERIALS

WALC TR 53-373 Sup 5 55




INVESTIGATQR: Henry Gilman
Richard D. Gorsich
Bernard J. Gaj

CONTRACT s AF 33(616)=3510
CONTRACTOR: Iowa State College
ABSTRACT 3 Several novel synthetic procedures have been developed

in connection with studies concerned with the preparation of orgencmet-
allic and orgenometalloidal compounds to be exemined as potential hydraulie
fluids &nd lubricants. The promising cyclic compounds have been extended
by making available cyclic-Si-M types. Procedures have been developed
for the synthesis of non-cyclic unsymmetrical R3SiM compounds. One of
the new developments involving tetrahydrofuran es a solvent in orgeno-
silicon chemistry is the stepwise introduction of a wide variety of R
groups by reactions between the Si-H group and some RM compoundse This
provides the opportunity of synthesizing R4Si compounds, where all R
groups may be unlike, and where there is a maximum promise of obtaining
liquids,

The experimentel part conteins a table which describes
the preliminery screening of twenty-eight compounds.

The security classification of this report is unclassified.

WADC TR 54464 Bt IV July 1957
ASTIA Document Noe AD 130922

SUBJECT: DEVELOPMENT OF SCHEMATIC ANALYTICAL PROCEDURES FCOR
SYNTHETIC LUBRICANTS AND TEEIR ADLITIVES
Part IV, Laboratory Manual for the Anelysis of Synthe
etic Lubricents, Greases and Their Additives
INVESTIGAT(R: Francis S. Bonomo
Joseph J. E. Schmidt

CONTRACT s AF 33(616)-3336
CONTRACTCR: Denver kesearch Institute
ABSTRACT: Laberatory methods and techniques for the analysis of

certain synthetic lubricents, greasses, and their additives are deseribed
in detail, including drawings and photographs of equipment when necessary.
As stipulated by WADC, none of the methods includes optical or elaborate
instrumentel techniques of analysis. Most of the methods employ simple
wet chemical menipulations, or such techniques as adsorption or partition
paper or column chromatographye The individual methods are numbered and

patterned after Federe]l Test Method Stendard No. 791.
The menual is divided into five major sectionss

(1) Preliminary qualitative examination of the lubricent
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or grease, including solubility, elemental analysis,
identification of grease type, and behavior of the
lubricant (or base=-oil from a grease) upon adsorption
on a column of silica gel.

(2) Qualitative detection and quentiteative determination
of antioxidantse.

(3) Qualitative detection eand guentitative determination
of corrosion preventive compounds,

(4) Separation and quantitetive determination of gelling
agents and thickeners.

(5) Separation, identification, and determination of
base-0ils from lubricants and greases.

In a number of instances perts of existing ASTM methods
have been incorporated intoc the anelytical proecedures, where applicable,
to avoid the use of parallel methods to the same goal.

WADC TR S4-576 Pt II February 1958

ASTIA Document No. AD 150977

OTS Release

SUBJECT : EFFECT OF METALS OGN LUBRICANTS
Part II. Corrosion and Oxidation Stability at 400°
Fahrenheit

INVESTIGATOR: John B. Christien

ABSTRACT: This report presents data which deals with the general

effects which silicates and siloxanes have on various metals; and the
effects which these metals have on the fluids under severe conditionse

The corrosion and oxidation stability of a diester
blend, & siloxane, and a silicate in the presence of verious metal
specimens is discussed.

WADC TR 55-30 Pt V July 1957
ASTIA Document No. AD 130907

0TS Release

SUBJECT s FLUIDS, LUBRICANTS, FUELS AND RELATED MATERIALS

INVESTIGATCOR: E. Erwin Klaus
Merrell R. Fenske

CONTRACT : AF 33(616)2851
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CONTRACTOR: Pennsylvanie State University

ABSTRACT: This report describes work carried out on a continuing
pro ject directed toward the development of improved hydraulic fluids
and jet engine lubricants for use in the high temperature range of 400°
to 700°F, With few exceptions these studies are equally applicable to
hydraulic fluids and jet engine lubricants.

Efforts have been concentrated on the study of mineral
oils, hydrocarbons, and improved stability esters for application to
high temperature systems. Super-refining of mineral o0ils end hydrocarbons
byhydrogenation, acid extraction, and silica gel percolation hes been
shown to improve materially the cverall quality of these materials as
hydraulic fluids and lubricants. Selection of the molecular configuration
of esters has been shown to affect their thermal stebility and hence
their overall utility as high temperature fluids.

A number of new and improved test techniques have been
developsd or applied to the high temperature evaluation of hydraulic
fluids and jet engine lubricants. These tests include: (1) high
temperature density measurement, (2) the controlled atmosphere panel
coker test, (3) a modified thermal stability test including catalyst
metals, (4) & high temperatuer PRL thin film oxidetion test, and (5)
a single pmas high temperature lube rige.

A number of large scale blends designed for use in bench,
mock-up, and actuasl service equipment ( jet engines and high temperature
hydraulic systems) have been formulated for evaluation by WADC and
industry. Used samples of fluids from actuel tests in jet engines and
high temperature hydreulic systems have been evaluasted. Results of these
evaluations offer some insight intc the actual behavior of fluids in
service and the degree of realism in various leboratory tests in policing
fluid quality necessary for adeguate service behavior.

Some additionel miscelleneous duties bhave been performed
at the request of the Wright Air Development Center. These duties
include: (1) distribution of Laboratory reports, (2) fluid formulation,
(3) distribution of standard fluid samples, (4) preparation of WADC
Technicel Reports and pepers on specific topics of interest, and (5)
evaluation of specific fluid properties.

WADC TR 55-240 Pt III June 1957
ASTIA Document No. AD 130808

0TS Release

SUBJECT': BASIC FACTORS IN THE FORMATION AND STABILITY OF NON-SOAP

LUBRICATING GREASES

WADC TR 53-373 Sup 5 58

—————e



INVESTIGATOR: John J. Chessick
Albert C. Zettlemoyer

CONTRACT : AF 33(616)-2440
CONTRACTOR : Lehigh University
ABSTRACT's This project is aimed &t the determination of the funda-

mental factors in the formation of non-soap greases, and the relation of
these factors to their thermal, chemical and mechanical stability. The
vehicle-thickener interface was early recognized &s the seat of important
properties in non-soap greases. In order to index the nature and extent
of this interface, first the physical properties of several oils and the
surface characteristics of a variety of thickening esgents were measured.
These properties of the oils and solids were correlated with the behavior
of grease systems formulated with thems Modification of the interfacial
region by water and its effect on grease buildipg by inducing flocculation
was then investigated.

The influence of concentration and surface area of hydro-
phobic thickeners on the consistencies of various greases was determined
specifically. Above 200 m2e/g., grease building varies directly with
surface area, but fells off sherply below this level. To give greases of

& specified consistency, the amounts of thickeners reguired varies as
the squere of their surface areas. It appears also that the effect of
area is gimiler for all thickeners,

Grease consistency was found to be directly proportional
to the amount of water adsorbed at the oil-thickener interface for
hydrophilic thickeners. As might be expected, the hydrophilic thickeners
adsorb relatively large amounts of water and yield much larger changes
than greases built with hydrophobic thickeners. The emount of water in
& grease varies considerably with temperature, amount of working and the
relative humiditye.

While water enhances the gel forming ability of hydro-
philic solids in nonpolar vehicles, somewhat surprisingly, the opposite
effect is found for these solids dispersed in polar liquids miscible
with water. The thickening effect of hydrophobic thickeners is not nearly
80 sensitive to the polarity of the vehicle, since very little water is
adsorbed to develop flocculation.

These and related data were used to develop a mechaniam
for the flocculation of hydrophobic and hydrophilic solide in grease
vehicles to form non-soap gels. Of great importance was the finding that
in gelling pure liquids, the particle size of the thickener is more
important than the polarity of the surface. However, in the presence of
trace emounts of water, commonly present under practical conditions,
grease consistency is strongly dependent on the polar nature of the solid
surface., For thickeners dispersed in oils conteining both water and
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additives the polarity of the surface determines whether the water or
additive will be preferentially adsorbed.

Further studies of the influence of heptyl additives,
their benzene analogues, as well as more complex additives were carried
out. In addition, rheological measurements of a number of thickener
solids in several greass vehicles were made. The preparation of arylurea
thickeners was also recently begun. These studies have not yet proceeded
to a point where a quantitative discussion can be offered,

Low angle x~ray scattering techniques hawe been used to
study grease structure. Marked diffraction maxima have been found
ecorresponding to spacings of the order of 100 to 2000 £ units for copper
phtheloyanine thickened greease.

WADC TR 55-240 Pt IV april 1958
ASTIA Document No, AD 151120

SUBJECT: BASIC FACTORS IN THE FORMATION AND STABILITY OF NONe
SOAP LUBRICATING GREASES

INVESTIGAT(R: John J. Chessick
Albert C. Zettlemoyer
James P. Wightman

CONTRACT: AF 33(616)-3999
CONTRACTORs Lehigh University
ABSTRACT: Rheological measurements of dispersions of grease

thickeners in pure vehicles or in vehicles containing water, additives
or both these components have been carried out. Previoua studies were
made with the systems Aerosil-~Plexol 201 and Santocel C2-paraffin oil.
These types of messurements have been extended to include both polar end
nonpolar solids dispersed in grease vehicles. The solids studied now
include Copper Phthelocyanine, G. S. Hydrophobic Silica, HiSil, d4erosil,
Santocel and Permagele It was demonstrated that surface hydrohpilicity
and the presence of trace water far overshadows the influence of particle
diemeter and shape in the formation of gel structure by solid thickeners,

Further studies of the behavior of commercial edditives
have been mede by measuring the change in consistency of a gresase with
increassd concentration of additive. Because of the very complex nature
of additive behavior a fundemental progrem has been developed to learn
more of this phenomenon. This study has begun end includes measurements
of additive adsorption from solution by selected solids as well as heat
of immersional wetting measurements of solids in additive solutions at
various concentrations. Studies thus far indicate that the heat of
solution of additive in the grease vehicle and the heat of wetting of
the so0lid thickener by pure additive relative to the vehicle appear to
govern adsorption from solutiones With Aerosil, & weakly polar solid, the
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heats of solution of the additives studied appears to predominate, and
only those additives which dislike the vehicle (high endothermic heats of
solution) adsorb and fluidize Aerosil-built greases. With rutile~built
greases, however, the surface polarity of the thickener and consequent
heat of adsorption is sufficiently high to influence adsorption of addie
tives ineffective in Aerosil-built greases.

The progrem for the preparation of arylurea thickened
greases has progressed satisfactorily. Several veriables have been found
to influence the particle diameter of the thickener solid formed. These
include type of reactent, method of addition of reactents and the temper-
ature of the reaction. Trace or larger quantities of water drastically
increase particle size of arylurea thickeners prepared in solvents from
which they can be isolaeteds The effect on greases prepared *in situ® is
believed to be similar. This point is being checked.

WADC TR 55-449 Bt VI December 1957
ASTIA Document No. AD 142210

0TS Release

SUBJECT': MICRO LUBRICANT TEST METHODS

Part VI. Cloud Point, Pour Point, and Cloud Intensity
INVESTIGATOR: John B. Christian
ABSTRACT: Miniaturized methods have been developed for the deter-
mination of cloud point, pour point, &nd cloud intensity., The methods
described herein require a 5-milliliter sample for the three determinations.

WADC TR 56-646 Pt II April 1958
ASTIA Document No. AD 151176

SUBJECT: EFFECTS OF RADIATION ON AIRCRAFT LUBRICANTS AND FUELS

INVESTIGATOR: R. 0. Bolt
J. G. Carroll

CONTRACT s AF 33(616)=3184
CONTRACT(R: California Research Corporation
ABSTRACT: The objectives of the work reported included the devel-

opment of radietion resistant lubricants and a survey of the radiation
stability of jet fusels.

Aromatic base materials were needed in the lubricant
work, and most of these had to be synthesized. Exploratory synthesis
evolved alkaryl ethers, alkeryl esters, alkylbenzenes, alkyl diphenyl
ethers, and diarylalkanes. Chemical structure was correlated with physical
properties end also with oxidation, thermal, &and radiation stability.
Although esters were inferior, each class had members with good radiation
stability. Ower-all, the alkyl diphenyl ethers offer the most promise for
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lubricant development, Polymers were alsc synthesized. These were used
in an alkyl diphenyl ether to improve viscosity index and to increase

- viscosity., Compered to conventionel thickeners, alkylated poly «methyle-
styrenes)(APAMS) and poly(alkylphenoxyethyl methacrylates) (APEMS) show
promise for use in future radiation resistant lubricants.

The greage research produced CALRESEARCH 159, & material
of enhanced radiation staebility. It is a selenide~inhibited alkylbiphenyl
gelled with an aromatic salt. Promise of improved products was shown
in work on new 0ils, e. ge, tris(phenoxyphenyl)dodecylsilane; on new
gelling agents, e«gey sodium Nep-tolylterephthalamate of mixtures of
aromatic salts; and on new additives, €egey, Ny N'~di=2-naphthyl-p-phenyl -
enediamine,

Many formulations of various hydraulic fluidg were
evaluated before and after irradiation. The alkyl diphenyl ethers looked
beat in radiation stability and in thermal stability at 700°F, CAIRE-
SEARCH 216 evolved from the formuletion worke It is an alkyl diphenyl
ether inhibited with a selenide and thickered with a polybutene., Chemical
inhibitors improved oxidation stability both before and after gamma
irradiation. Aromatic hydrocarbon additives in MLO 8200 fluid reduced
viscosity change and gassing ceused by irradietion. This fluid was shown
%0 be usable to about 1010 ergs/g C of gemma radiation. Original and
irradieted aromatic base fluids operated satisfactorily in &ircraft
piston pumps at 275°F. Isothermel bulk modulus was found to decrease
markedly in a gas-liquid system such as would prevail under irrediation.

The alkyl aromatics were found best as base materiels
for ‘gag turbine oils. Esters, mineral oils, and polyglyccls tested were
deficient in radiastion or thermal stebility. CALRESEARCH 230 was developed
in the work; it is & selenide-~inhibited alkyl diphenyl ether containing a
petroleum bright stock and other asdditives., The alkyl diphenyl ethers
showed good oxidation stebility before and after irrediation. Their
tondency towards high coking and low lubricity was improved by additives.
Irredietion lowered coking in these bases end also in alkylbiphenyls. In
ell base stocks, foaming increased after irrediation, with or without
gilicone being present. Coking was reduced by blending with high boiling
meterials, e.g., bright stockse Certain oil soluble dyes showed synergism
with the beneficial dialkyl selenides in oxidation tests.

The thermal stability of nine _jet fuelg (five JP-i's,
three JP-5's, and an RP-1) was studied in the CFR coker. Original stocks
and samples irradieted for three different levels were tested. Low
level irradiation (0.8 x 1010 ergs/g C) impaired thermal stability.
Higher level radiation (8 1.1010 ergs/gC) improved thermal stebility. 4n
equation was developed by which it was possible to predict increase in
viscosity with irradiation at any dosage once 2 single dosage point was
known .
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WADC TR 57-61 Pt I December 1957
ASTIA Document No. AD 142187
OTS Release

SUBJECT: LUBRICATION OF TITANIUM
INVESTIGATOR: Richard 0. Lee
Nicholas Fatica

CONTRACT : AF=33(616)=3350
CONTRACTOR: Clevite Research Center
ABSTRACT : The susceptibility of titanium to galling and seizure

prevent it from replacing many steel perts involving sliding contacts

in aspite of the favorable strength-weight ratio of titaniume. Particulerly
in aircraft, where one pound of steel replaced may result in gains of up
to five pounds in pay loed, the lubrication cf moving parts involving
titenium is an urgent problem. DPest efforts to solve this problem have
uncovered special lubricants and various surface treatments that have
shown promise, ‘

This investigation sought to explain the role of the
oxide film on titanium, to obtain some information about the frictional
properties of modified titanium coatings, end to make a direct comparison
of the wear resistance of the best surface treatment in the presence of
various lubricants using equipment generelly ecceptable for wear tests
under conditions of boundary lubrication.

Studies on the stick-slip machine have shown that the
oxide layer on titenium is easily penetrated even at moderate loads while
the friction coefficient remains practically constent through this trans-
ition.

Other results on this machine show that moisture normally
present in air is an important factor in determining the frictional prop=-
erties of titanium, Although its effects depend on both the treatment of
the metal and the lubricant used, generally speaking the moisture acts as
& lubricant.

Temperature was found to be an important factor in the
frictional properties evaluated on the stick=slip machine but its effect
cannot be predicted even quelitetively without teking into account the
surface treatment, the lubricant and the test condition.

Tests on the stickeslip epparatus also showed Halocerbon
11-1l to be generally effective &3 a lubricent on both untreated and
treated titanium surfaces.

Studies onthe Shell Four=-Ball Wear Tester also showed
Halo-carbon 1l-lL to be the most generally effective lubricant on both
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treated and untreated surfaces. There were no significant differences

among the wear properties of untreated metals (Ti 754, Ti 6A1 AV,

Ti C=130 AM) using Halccarbon 1ll-1ll. Nitriding improved the wear properties
and generally lowered the friction coefficient in the presence of praectically
all of the lubricents tested. '

Carburizing improved the wear and frictionel properties of
Ti 754 in most of the lubricants tested. Carburizing Ti 6A1 LV lowers the
friction coefficient but seems to be without effect on the wear resistance.

Polypropylene glycol 1025 and Halocarbon 11«1} have
practically identical frictional and wear properties for any of the nitrided
metals. The seme may be said for carburized Ti 75A. However Halocarbon
11-24 is definitely superior to polypropylene glycol 1025 for carburized
Ti 6A1 4V.

In general, it may be said that all the other lubricants
used were inferior to Halocarbon 1l-14 end polypropyleme glycol 1025 in
performence with any metal surface, Where it was possible to compare the
the performance of the individual members of the inferior group (Nujol +
1% fatty acid addition, Cerbowax, di=iso-octyl sebacate, Versilube F=50,
Silicone (Dow F-60), Dow #41 grease, and silicate ester (MLO 8200), the
results showed that they were practically equivalent.

Bronze sliding against titanium is an effective answer
to the frictional and wear properties of Ti 754 for any lubricant tested.
However, the use of this material partially defeats the ob jectives for
using titenium in the first placee.

The best wear values listed for any titanium specimen in
the best lubricant are still about twice as large as those found for steel.

WADC TR 57-93 June 1957
ASTIA Document No. AD 130815

SUBJECT': PROCEEDINGS OF AIR FORCE-NAVY~INDUSTRY CONFERENCE ON
: ATRCRAFT LUERICANTS
INVESTIGATOR: Mrs. Opal M. Fielder

CONTRACT s AF 33(616)-3820
CONTRACTCR: Southwest Research Institute
ABSTRACT 3 The Annual Air Force-Navy-Industry Conference on Aireraft

Lubricants was held at the Hilton Hotel, Sen Antonio, Texas, on Movember
5, 6, and 7, 1956 Approximetely 300 representatives from the Department
of the Air Force, The Department of the Navy, other government agencies,
and the industry, attended. A total of 36 papers were read: 20 on ges
turbine lubricants, 7 on greases, 5 on hydraulic fluids, and 4 on solid
film lubricants.
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WADC TR 57-166 July 1957
ASTIA Document No. AD 130953

OTS Release

SUBJECT3 HIGH TEMPERATURE WEAR EVALUATION TECHNIQUES AND DATA
INVESTIGATOR: Robert J. Benzing

ABSTRACT s A general deseription is given of the modifications

required to increase the operating temperature potential of the following
four lubricant testers: Shell Four-Ball Wear Tester used for evaluating
the lubricity of fluids; Shell Roll Tester used to examine the effects of
mechanical shearing on grease consistency; bearing endurance grease testerxr
for evaluation of the high speed and high temperature performance of
greases; and hydraulic fluid pump stand for determination of dynamic effects
of circulation on shear stability of fluids. The British IAE geer machine,
recently acquired for evaluation of the anti-scuffing properties of
lubricents, is described.

Lubricity deta obtained with the four-ball tester are
reported for Specification MIL-0-5606 hydraulic fluid and MIL-L-7808
turbine engine oile The wear scar data for a wide variety of experimental
fluids are compared to the wear patterns for the two specification
materials.

WADC TR 57-177 July 1957
ASTIA Document No. AD 130925
SUBJECT: ENGINE OIL DEVELOPMENT
INVESTIGATCOR: C. Lynn Mshoney Emmett R. Barnum
William W, Kerlin Karl J. Sex
CONTRACT': AF 33(616)-3182
CONTRACTOR ¢ Shell Development Company
ABSTRACT's Inhibited lubricants, made from ester or aliphatice~

hydrocarbon b&se oils, are highly sensitive to radietion damage even in
absence of oxygen. The effect on the base oil itself, measured by such
properties as viscosity change or formation of agidic products, is generally
relatively small at radiation doses less than 10 repse. The antioxidant,
however, acts &s a radical scavenger. While protecting the base oil

against radiationeinduced change, it is selectively inactivated. Iloss of
the antioxidant activity leaves the lubricant unprotected egainst attack

by oxygen, which leads to formation of corrosive materials and deposits.
Degradation products formed during irradiation of ester oils also greatly
reduce the oxidation stabilityof inhibited lubricants. For example, &
di-2~-ethylhexyl sebacate blend, containing 0.5% phenothiazine as an
inbibitor, had all antioxidant activity destroyed during irradiation to

5 x 107 reps (r-rays, ambient temperature, nitrogen atmosphere)s With a
MIL-L-7808C diester lubricant, con taining 1% phenothiszine and 5% tricresyl
phosphate, formation of strong phosphoric acid derivatives accelerated des-
$ruction of the inhibitor. Complete loss of antioxidant activity occurred
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in this lubricant after irradiation # 107 reps. The strong phosphoric
acid derivatives increased decomposition of the ester, leading to very
high deposit levels in panel coke tests. The high panel coke deposits
found with other irradiated ester lubricants were also caused by the
presence of tricresyl phosphete.

Auto-oxidatioh proceeds through free radical chain
reactions. Therefore, oxidation reactions would be &ccelerated during
irradiation. The stability of inhibited oils, in oxidation-corrosion
teats conducted in a 7 -ray source, decreased raepidly as the radiation
dose rate was increased. At 400°F, a dose rate of 1.5 x 104 reps/hr
shortened the stable life of a wide veriety of antioxidant-oil combinations
to approximately 70% of that obtained in absence of radiation. When the
dose rate was increased to 7.2 x 100 reps/hr, only 25% of the original
stability was retained. In oxidation tests et 347°F and dose rates of
72 x 100 reps/hr, only 12% of the unirradiated stability was found for
various types of antioxidant-oil blends. The atable lives of all inhibited
lubricants tested, in irradiated oxidation-corrosion tests at both 347°F
and LOO°F, appeared to be approaching zerc at an estimated dose rate of
2-5 x 106 reps/hr. The total 7 -rey dose absorbed during the stable life
of the various antioxidant~oil blends depended on the relative stability
of the blend, the temperature of the test end the radiastion dose rate,
but in no case was it greater than 2 x 107 reps,

No protection against antioxident radiation damage was
found through use of radical scavengers or energy transfer agents (various
iodine~containing compounds or aromatic materials). Base o0il damage could
be reduced through use of such materials but the reactivity of entioxidents
towards radicals was considerably greater than compounds added as protectors.

The dialkyl selenides show some promise for use with ester
or hydrocarbon base oils at temperatures end radiation lewels somewhat
above those attaineble with the more usuel antioxidants. On an equel
weight basgis, the dialkyl selenides are slightly less effective than
phenothiezine in imparting oxidation stability or in protecting ester
base oils from radietion demage. However, they can be used in much higher
concentrations without greatly affecting the deposit~forming tendency of
the lubricant. The selenides must be kept from contact with copper and
silver to avoid corrosion and loss of activity.

For gse at bulk oil temperatures above L4OO®F or at total
radiation doses of 10* reps or higher, inherently-stable, aromaticecon-
taining materials will probably be needed. Preliminery work with epecifi-
cally designed compounds has been directed towards determining the advan-
tages and disadventeges of the various types of substituents and linkages
that can be used with aromatic compounds. Tertiary butyl and cerbome-
thoxy groups are promising substituents for use with benzene derivatives.
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Silyl, ether, and ester groups can be used to link
aromatic muclei without large reduction in oxidetion or radiation resis-
tance. Preliminary exeminetion of some of these synthetic compounds
shows that their useful life, determined in oxidation tests at [LOO°F,
would be at least 10-20 times longer than the most steble of the MIL-L-7808C
eater lubricents. Additionel aromatic derivatives are being prepared and
exsmined in various high temperature screening tests.

WADC TR 57-199 September 1957
ASTIA Document No. AD 131050

SUBJECT s EVALUATION OF AN ARYILUREAPENTAERYTHRITOL ESTER GREASE
IN WHEEL BEARINGS OF INTERNAL TYPE BRAKE WHERL ASSEMBLIES
INVESTIGATOR D. T. Kjerland, 2/Lt
ABSTRACT': The use of Specification MIL-L«3545 greases in whesel
bearings of internal type brake assemblies has proven unsatisfactorye.
High temperetures encountered in wheel bearings as the result cf heat
digsipation from the brekes during eircraft take-off and landing oper-
ations hawe ceused MIL-Le35L%5 greases to run out of the wheel bearings.
An arylurea-pentaerythritol grease (MLG-9373) developed by Stendard 0il
Company (Indiena) under Contract AF 33(038)-23687 was subsequently evalu=
ated in wheel bearings of laboratory test rigs of interral type brake
essemblies end in wheel bearings of aircraft using the internal type breke
assembly. Complete physiceal, chemical, and mechanical laboratory tests
were performed on MLG=9373.

, MLG-9373 grease gave satisfactory performence in all the
wheel bearings of the various internal type brake assemblies tested from
=65°F to temperatures in excess of 350°F while under heavy loads.,

Specification MIL-L-25760 (USAF) has been written covering
this type of grease. In the near future, greases gualified under Speci-
fication MIL-L—25760(USAF) will be required as wheel bearing lubricents
fcr internel type brake assemblies and other wheel bearing applications
requiring a lubricent having a wider temperature range then Specification
MIL-L-35,45 greases.

WADC TR 57=255 September 1957
ASTIA Document No. AD 131065

SUBJECT: NUCLEAR RADIATION RESISTANT TURBINE ENGINE LUBRICANTS
INVESTIGATOR: Alfred H. Matuszek

CONTRACT : AF 33(616)-3181

COMNTRACTCR: Esso Research ard Engineering Company

ABSTRACTs This report covers the results of work aimed at developing

radiation resistant turbine engine lubriceants. The work has been divided
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into two perts: (1) Phase I covering finished lubricants and (2) FPhase II
covering potential lubricating oil base stocks, all screened at dosages up
to 108 roentgens.

In the Fhase I progrem, twenty-four oils uere screened.
These included finished or slightly modified mineral-based awiation oils,
ester-based synthetic lubricants and a polyalkylene glycol mono ether
lubricante At 107 roentgens, no apprefisble changes occurred in lubricant
propertiess At 10 roentgens, certain modifications of the mineral oils
evaluated showed good retention of criginal physical end chemical properties.
With uncompounded oils (Esso Aviation 0il 65 and 100) borderline performance
was obtained in the MIL-L-7808 foasm test end in the 347°F. oxidationecorro=
sion stability test. These deficiencies cen be partially overcome through
the incorporation of additives. For improved oxidation-corrosion stability,
phenyl-alpha-naphthylamine is beneficial. However, silicones are not very
effective in maintaining foam suppression after irradiation., Additional
work will be required to improve the foaming tendencies of mineral oils.
This work will be undertaken using Barosa 56 as the base 0il because of its
slightly better test performance characteristics.

WS-3019, aen MIL-1-25336 type synthetic lubricant, showed
somewhat. greater stability toward irrsdiation than eny of the other synthetic
materials evaluated. It reteined most of its original properties and genere
ally met the MIL-L-25336 requirements deviating only slightly in the 347°F.
oxidation-corrosion stability test. It exhibited, however, an undesirable
flash point degradation (from 450 to 355°F. after 108r) which can be
attributed to a amall emount of irradiation-produced contaminants.

A third oil, L0-2062, an MIL-L~7808 type adipate oil was
indicated to have some promise providing its copper corrosion tendencies
after irrediation can be correcteds The esddition of about 1% tricresyl
phosphate appears tg offer a possible fix for improved stability up to
gamma dosages of 10° roentgense The effect of tricresyl phosphate in
reducing copper corrosion at higher dosages will be investigated.

In the Phase II program twenty=three baseestocks of
verying chemicel structures were screened at 10! and/or 10° roentgens.
As in the case of Phase I lubricants the Phase II lubricant base stocks
were evaluated agaminst Military specification tests, notably MIL-L~7808
and MIL-L=9236. The most attractive materials evaluated were the inhibited
mineral oil base stocks of which Barosa 56, a pareffinic base, is represen~
tetive. Evaluation of this material at higher gamme dosages (5 x 10° end
107 roentgens) is contemplated. A sample of this base stock has been
sent to WADC for more extensive laboratory and engine evaluations.

In the gster field, di-tridecyl carbonate appeared to be
the most resistent to 10° roentgens. It exhibited good retention of
physical properties but showed moderately high panel coking depositse
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Additional work is pleanned with other carbonates at higher screening
dosagese Higher flash diesters, such as di-tridecyl adipate, azelate
and sebacate also showed promise of approaching a reasonable resistance
to 108 roentgena. Their tendency to corrode copper and magnesium will
require some additional attention. In this connection, the emeliorating
effect of trieresyl phosphate will be investigated.

In the future program this initial effort to develop a
radietion resistant lubricant will be expanded to include the evaluation
of other synthetic end petroleum type finished oils and base stockse
Particular stress will be placed on higher flash base stocks, many of
which are aveileble commercially. Others may have to be synthesized.

Any promising materials coming out of this screening program will be
tested at higher gamma dosages. The most ettractive base stocks will then
be blended into finished oil formulations end finally evaluated further
as radiation resistant engine lubricantsz.

WADC TR 57-283 July 1957
ASTIA Document No. AD 130902

OTS Release

SUBJECT: EVALUATION OF ANTI-WEAR AND EXTREME PRESSURE CHARAC=

TERISTICS OF NEW HETEROCYCLIC COMPOUNDS
INVESTIGATOR s Robert J. Benzing
ABSTRACT: A series of nineteen compounds were studied as possible
anti-wear additives or extreme pressure additives. The materials were
evaluated in Di(2-ethylhexyl)sebacate in the Shell Four-Ball Wear Tester
and Shell cxtreme Pressure Tester.

The basic types studied were compounds of heterocyclic
structure containing one or more of the following heteroatoms: nitrogen,
oxygen, selenium and sulfur. Some gave promise as good wear and extreme
pressure additives.

WADC TR 57-455 February 1958
ASTIA Document No. AD 150982

0TS Releass

SUBJECT: HIGH TEMPERATURE SOLID DRY FIIM LUBRICANTS
INVESTIGAT(R: Melvin T. Lavik

CONTRACT 3 AF 33(616)-3681L

CONTRACT(R: Midwest Resgearch Institute

ABSTRACT': This report covers the development and evaluation of a

dry lubrication test machine and the testing of several dry film lubrie
cantas., In order to meet the very high temperature and pressure require-
ments currently placed on lubricents in the aircraft industry, it was
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necegsary to devise a suitable test instrument. The first part of this
program was spent in designing, constructing ard cselibrating such a
device cepable of testing dry film lubricants at pressures as high as
50,000 psi and at temperatures up to 800°PF, Several minor revisions have
been made during the program leading up to the machine as reported here.

Several commercial dry film lubricents and also some
materials prepered at the Institute were investigeted for both friction
coefficient and wear life at the various temperatures &nd pressures
availadble with the teat machine. In general, the materials worked with,
while effecting reasonable lubrication, did not exhitit the wear life
which is desired. The lubricant properties of séveral materials are
discussed in this report, with the discussion serving mainly to point
out areas in which further information is needed to realize the full
benefits available from these materials.

MATERIAIS PHYSICS

WADC TR 56-4 Pt I September 1957
ASTIA Document No. AD 131096

SUBJECT : THE THERMODYNAMIC PROPERTIES OF MOLTEN SALTS:
Part I. Molybdenum Hexsfluoride
INVESTIGATORs. A. P. Bredy
Je K. Clauss

0. E. Myers
CONTRACT : AF 33(616)-2558
CONTRACTCR: Stanford Research Institute
ABSTRACT': Assembling and testing of apparatus for measuring heat

capacities from about 50°K to room temperature has been completed, including
calibretion of thermocouples by comparison with a platinum resistance
thermometer and with e copper one. This apperatus has been used to deter-
mine the absolute entropy of molybdenum hexafluoride vepor at 298.16%K.,

The result, 79.7 * 0.6 cal/mole.deg, agrees well with that calculated frog,
its spectrum, 80.05 cal/moleedege A previously unreported solid=-solid
transition wes found to occur at 263.,6°%K («9.,6°C)s A solution calorimeter
bes also been assembled and tested. By comparison of the heat of solution
in sodium hydroxide of molybdenum hexafluoride with that of the oxide, the
heat of foruation of MoFy (1) at 298.16%K was found to be =390.9 keal/mole.
From these values the corresponding standerd free energy of formation is
computed to be =363.1 kcel/mole. These data, together with date in the

WADC TR 53=373 Sup 5 70

e



literature, have allowed calculation of the desired thermodynamic functions
over the temperature range of interest,

WADC TR 56-l Pt II September 1957
ASTIA Document No. AD 131097

SUBJECT : THE THERMODYNAMIC PROPERTIES OF MOLTEN SALTS:
Part II. Tungsten Hexafluoride, Niobium Pentafluoride,
and Vanadium Trifluoride

INVESTIGATOR: Orlo E. Myers

CONTRACT s AF 33(616)=-2558
CONTRACTOR: Stanford Research Ingtitute
ABSTRACT: Assembly and ed justment of apparatus for measuring enthelpies

from 50 to 1200°C has been completede A new solution calorimeter suitable
for use with metallic ampoules for measurements with fluorides has been
constructeds An improved low temperature ealorimeter has been built with
the aid of electroforming techniques. This equipment has been used in
con junction with low temperature equipment previously deseribed to ‘obtain
thermodynamic data for the following:

Tungsten hexafluoride vapor (from heat of solution and spectra):

=416.3 kcal/mole
=394 48 kcal/mole
81.75 cal/molecdeg

AFporm, 298.16

S298.16
Niobium pentafluoride (from heat capacity, enthalpy, and heat of solution):

AH 298.16
form, i
AFporm, 298.16

5298.16
a I'If\z.s:i.on

Vanedium trifluoride (from heat ecapacity and enthelpy):

«)31 kcal/mole
=40l; kcal/mole
38430 cal/mole *deg
2.92 keal/mole

"o u

S298,16 2305 cal/mole edeg

Excellent agreement was found between the last entropy
and the predicted value from the theory of the late Profe. Latimer concerning
the summation of ionic entropy contributions. Values of the above prop-
erties at temperatures up to 1400°%K have been calculated when possible or
estimated from experimental date and standard methods.
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WADC TR 56«19 Pt I June 1957
ASTIA Document No. 4D 130855
0TS Release

SUBJECT: ANALYSIS OF FLUORINATED ORGANO-METALLICS
Pert 1 =« Determination of Fluorine end Silicon in Organic
Fluoro«Silicon Compounds

INVESTIGAT(R: Otto Schwarzkopf
Rosemarie Heinlein

Nora E. Srp
CONTRACT : AF 33(616)=3067
CONTRACTOR 3 Schuwerzkopf Microanalyticael Laboratory
Materials Leboratory
ABSTRACT: Development of anelytical methods to determine fluorine

and silicon in orgenic fluoro-silicon compounds was the object of this
project. A method having a precision of % 1% for fluorine and * 0,7%

for silicon was developed. The test sample is reacted with potassium metal
in a pure nickel bomb heated to 650°C for two hourse. The fusion mixture is
dissolved in water and after filtering, fluorine is precipitated as PbClF
and filtered. The filtrate containing silicon is used for the determination
of silicon in the form of Si0pe

This method needs more testing with a variety of organic
fluoro-silicon compoundse.

WADC TR 56-19 Pt II June 1957
ASTIA Document No. AD 130781

0TS Release

SUBJECT: ANALYSIS OF FLUORINATED ORGANO-METALLICS

Part IIl, Determination of Fluorine, Boron and Silicon
in Orgenic Fluoro-Silicon or Fluoro=Bero-Silicon
Compounds

INVESTIGATQR: Otto Schwarzkopf
Rosemarie Heinlein

CONTRACT : AF 33(616)=-3552
CONTRACTCR: Schwarzkopf Microanalyticael Leboratory
ABSTRACT s Development of analytical methods, for the determination

of the elements silicon, fluorine and boron present in organic compounds
containing two or three of the elements mentioned, was the object of this

pro jecte.

For the determination of fluorine and silicon present in
organo-fluoro-silicon compounds e method has been devised wherein fluorine
is determined es FbClF and silicon as 8102 in the filtrate from PbClF,
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A more satisfactory method was the determination of
fluorine as PbClF and the determination of silicon as oxine~gilicomolybdate.
It wes possible to determine silicon either in the presence of fluorine
after converting fluorine to fluoboriec acid, or to precipitate PbClF and
determine silicon in the filtrate,

The three methodz were tested with & veriety of test
sampleg., The preferred method is the determination of fluorine a&s FBC1F
and the determination of silicon &s oxine salt of silicomolybdiec acid after
conversion of fluoride to fluoborate. The precision of this method was
found to be * 0.3% (absolute).

The presence of boron did not interfere in the determinetion

of fluorine or of silicon carried out by the above mentioned method.

While gsilicon was without influenee, fluorine interfered
in the usual determination of boron by the boric acid mennitol titration
method. Fluoride and boric acid react in acid medium forming fluoboriec
acide This reaction made it impossible to eliminate earbon-dioxide
completely prior to the addition of mannitol. The first neutralization
endpoint was uncertain and high results for boron were the conseqguence.

Satisfactory resultas were obtained in the following manner.
Fluorine is precipitated as PbClF at pH=r, and filtered. To the filtrate
sulfuric acid is edded precipitating the excess lead and bringing the pH
below pH=1l, The agueous solution is concentrated in a distilling apparatus.
Volatile wesk acids = organic and inorgenic are distilled and the distillate
is discarded. Methenol is added to the residue and by keeping the water
content low, boric acid is converted into methylborate which is distilled,
hydrolized by NaOH and titreted by the mennitol titration method.

WADC TN 56-183 July 1957

ASTIA Document No. AD 130926

SUBJECTs THE CONSOLIDATED ANAILYTICAL MASS SPECTROMETER AND ITS
APPLICATIONS

INVESTIGATOR:. George Howven

ABSTRACT: The mass spectrometer principle of separating ionized

molecules according tc their mass forms the basis of cne of todays' most
effective methods of analyzing highly complex gas or liquid mixtures.
Routine eontrol snalyses, purity determinations, exploratory analyses,
and fundamental research investigations are all proven applications of
the analyticsl mess spectrometer,
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The scope is extremely broad as low vapor pressure materials

can be analyzed by using the heated semple inlet at temperatures up to

150°C. 4an overall range of 1 to 700 mass units is provided for use by the
operator. High sensitivity detects impurities in concentrations as low as

5 ppme Semple size cen be as little &s 0,1 ml gas and less then 0,001 ecc
liquide Deviation normally is within the range of 0,05 to 1.0 mol per

cent and usurlly less then might be expected from most other methods of
analysise

The instrument deseribed in this report is the Consolidated
Electrodynemics Corporation (CEC) 180° Analytical Mass Spectrometer. Details
regarding the scope, theory of operation, and various applications of the
mass spectrometer are included,

WADC TN 56-191 Pt I June 1957
ASTIA Document No. AD 130864

0TS Release

SUBJECT's CALCULATION OF THE RADIATION DOSE DELIVERED BY BETA

EMITTING ISOTOPES

Part I « Point and Thin Plasne Sources in Air
INVESTIGATOR: Edward A, Burke, 1/Lt

CTs This report ig the third in & series concerned with the

development of methods for celculating the radiation dose delivered by
beta emitting isotopes. This report extends the basic equations previously
developed for all beta emitting isotopess The publication by R. Loevinger
of extensive experimental deta on beta isotopes has been a major factor
in making the present study possible since the equetions developed are
empirical and depend solely upon such data for their validity.

An empirical funection for the dosage distribution around
@ point sourece of phosphorous =32 presented in WADC TN 56-101 has been
extended to include all other beta emitting isotopes and found to be in
excellent agreement with aveilable experimental data,

WADC TR 56~436 Merch 1958
ASTIA Document No. AD 151081

SUBJECT': THE RETENTION OF FISSION PRODUCTS BY SOILS UNDERLYING
THE NUCILEAR ENGINEERING TEST FACILITY AT WADC

INVESTIGATOR: Bruce Raby
Dr. George John
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ABSTRACT ¢ This report primarily concerns the retention of fisgsion
products by soils underlying the site for the Nuclear Engineering Test
Facility. The purpose of the study was to provide some date which would
be of velue in planning for the contingency of a reactor *run-away® and
for possible seepage of contaminated water during normal operatione.

Three types of experiments were conducted: (1) total
capecity studies of the soils, (2) equilibrium sorption of ions by the
soil in a static system, and (3) elution of ions from the soil by water,
These experiments were of an exploraetory nature, end although not complete,
do give an indication of the soils's ability to retain various fission
products. However, on the basis of the few experiments performed, it is
possible to provide only qualitetive informatiorn and to indicate the
direetion and extent of future studies,

WADC TR 56-455 June 1957

ASTIA Document No. AD 130797

OIS Release

SUBJECT = STUDIES OF QUANTITATIVE METHODS FOR THE SEPARATION AND
DETERMINATION OF ZIRCONIUM AND THORIUM IN MAGNESIUM
ALLOYS

INVESTIGATOR: B. A. Raby, 1/Lt

ABSTRACT': This paper describes the results of a comparative study

of anelyticel methods suitable for the determination of thorium and
zirconium in megnesium base alloys,

In addition, this paper deseribes an attempted amalgam-
ation of selected enalytical methods &and ion exchange technigues into e
scheme for the qusntitative analysis of thorium and zirconium in thess
alloys. Manganese and zinc, common constituents of magnesium base alloys,
were carried in the experiments, but only to study their interference in
the propcsed scheme.

The sample is dissolved in 12N-HCl and the resulting
solution is percolated through a column containing Dowex 2-X8 anion
exchange resine. Magnesium and thorium pess through the column while
zirconium, zine¢, apd meganese &rs absorbed. The latter elements are
removed by eluting the column with water. Ths thorium and zirconium in
the separeted fractions cen be determined by means of the complexomeiric
titration methods described by J. S. Fritz.
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WADC TR 56-465 June 1957
ASTIA Document No. AD 130801

OTS Release

SUBJECT: ELECTRICAL FROFERTIES OF IRRADIATED POLYMERS
INVESTIGATOR: Ralph E. Woodard

ABSTRACT : A brief discussion is given of the electronic nature of

solids as it applies to insulators end then polymers. The fundemental
theory of nuclear radiation effects is discussed and shown to be essociated
with the lauws of energy dissipetion of these redietion particles within a
materiale A survey is given on the role that nuclear rediation plays in
polymer kinetics. Work of various investigators on the electricel proper-
ties of irresdiated polymers is reported. An analogy is drawn between
photoconductivity in semi-conductors end nuclear radiation induced conduc=-
tivity in certain polymers. The instantaneous nature of this induced
conductivity is emphasized., The changs produced in the dielectric constant
of an irradiated polymer is considered in terms of crcaslinking and dipole
moments. A survey is included of the evailable engineering date for irrad-
iated polymers. Factors affecting radiation to the electrical properties
of two tetraerylmonosilenes is given,

WADC TR 56=515 | February 1958
ASTIA Document No. AD 142343

OTS Release

SUBJECT EFFECTS OF GAMMA RADIATION ON LINEAR POLYETHYLENE

INVESTIGATOR: William B. Terrell, Captein

Jack T. Humphries, 1/Lt
ABSTRACT s Linear polyethylenes have recently been developed which
have empirical chemical formulae identical to those of common polyethy-
lenes, but which differ in the molecular arrangement of the polymer chain.
The physical properties of two linear polyethylenes were measured before
and after gamme irradiaetion to afford a comparison with conventional
polyethylene,

Measurements were made of the following properties as
functions of totel radiation dosage up to 10/ roentgens: tensile strength,
elongation, hardness, impact strength, specific gravity, water absorptiion,
heat distortion temperature, dielectric constant, arc resistance, color,
and infrered absorption. In eddition, densities were determined as
funections of both radiation dosage and temperature.

WADC TR 56-548 May 1957
ASTIA Document No., AD 118062
OTS Release
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SUBJECT: MEASUREMENT OF RADON GAS IN CYLINDRICAL IONIZATION

CHAMBERS
INVESTIGATCR: Edwerd A. Burke, 1/Lt
ABSTRACT : Three of the fundsmental problems encountered in the

measurement of radon ges using cylindricel ionization chembers are dise
cusged and sclutions presented. These are: veriation of ionization
current with short half-life radon daughters, effect of dielectric &b-
sorption, and celibration of the ionization chamber.

WADC TR 56-623 July 1957
ASTIA Document No, AD 131030

SUBJECT': DEVELOPMENT OF A TRITIUM IMPREGNATED METAL FOR USE AS
THE ACTIVATOR IN A SELF-LUMINCUS PHOSPHOR AND FOR USE
AS AN IONIZATION SCURCE

INVESTIGATOR: D. L. Prosser J. G. MacHutchin
C. H. Wright H., H. Dooley
J. E. Atherton
CONTRACT AF 33(616)-3036
CONTRACTOR: United States Radium Corporeation
ABSTRACT : A deseription of the methods and equipment used in the

preparation of tritiated foils is presented. The results of the exper=
imentsl studies indicete that meximum beta emission is obteined from
extremely thin layers of titenium tritide which have been prepared on
the surface of sandblested steinless steel backing foils.

Phosphor response studies have indiceted that the main
fectors effecting the response of ZnS type phosphors to tritium dbeta
radiation are (a) phosphor particle size (b) type and concentration of
activator and (¢) cadmium content.

Six research models of tritium foil-ectivated self-lumi-
nous sources have been prepared for submission to WADC. A description
of the research models is provided.

WADC TR 57-10 August 1957
ASTIA Document No. AD 131032

OTS Release

SUBJECT: MEASUREMENTS OF THE THERMAL PROPERTIES OF VARIOUS

ATRCRAFT STRUCTURAL MATERIALS

INVESTIGATCR: Perry C. Covington
Sabert Oglesby, Jr.
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CONTRACT: AF 33(616)~3328

CONTRACTOR: Southern Research Institute

ABSTRACT : This report describes the measurements of the thermal
properties of a group cof structural panels and corese Thermsl expansion,
thermal conductivity, and specific heat were determined for three honey-
comb cores, one foamed-core sandwich psnel, one laminated penel, and five
sandwich panels with various honeycomb cores and facing materialse. In
addition, thermal conductivity determinations were made for two silicone-
resin leminates to establish a check for data previously reported on
these panels.

The equipment and procedures used in these thermal
property determinations are essentially the same as deseribed in
WADC TR 54-306 Parts I and II with the exception of additional components
necessary to obtain temperatures below ambient temperature.

WADC TR 57~92 July 1957
ASTIA Document No., AD 130920

OI'S Release

SUBJECT: EXPANSION CHARACTERISTICS OF MARLEX 20 AND MARLEX 50

INVESTIGATOR s Hyman Marcus

Frank V., Zeleski, Capt.
ABSTRACT ¢ A suiteble technique was developed for volume dilatometry
of plastic materials and the thermal behavior of two commercial linear
polyethylene plsstics, Marlex 20 and Marlex 50, weas observed.

The technigue consisted of sealing a test sample in a
glass tuke with mercury &s the confining fluide The change in vclume of
mercury as evidenced by ite rise in e capillary tube wes noted at dif-
ferent temperatures. The volume expansion of the test sample was cale
culated from the known expansivities of glass and mercury.

The dilatometers used were immersed in an electricslly
heated oil bath equipped with & motor driven stirrer to insure & uniform
temperature distribution.

Test deta were obtained for a series of six samples of
each meterial, each series containing one non-irradiated semple and five
samples which had received increasing doses of gemme radiation at the
Ma erialg Teat Reactor Facilitye The doses were of the values 10°r,
10fr, 10°r, 5 x 108y, and 109 for the irradiated samples.
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WADC TN 57-11} October 1957
ASTIA Document No. AD 142066

0TS HRelease

SUBJECT : X-RAY DIFFRACTION STUDY OF CRYSTALLINE SILANES
INVESTIGATOR: W. L. Baun, 1/Lt

ABSTRACT : X-Ray Diffraction patterns for nineteen crystalline

silanes ere presented. These compounds are of interest because of their
high thermal stability and low vapor pressure. They are particularly
well suited for X-Rey Diffraction analysis because of their crystalline
nature and the individualistic patterns obtained.

WADC TR 57=141 June 1957

ASTIA Document No. AD 130857
0TS Release
SUBJECT: A COMPARISON OF HIGH-ENERGY EILECTRON AND GAMMA IRRADIATION

EFFECTS ON ORGANIC LIQUIDS
INVESTIGATCR: Edwin L. Zebroski
Edwin M. Kinderman

CONTRACT': AF 33(616)~3738
CONTRACTOR: Stanford Research Ingtitute
ABSTRACT;. It hes been proposed that high-energy electron irradiation

be substituted for gemma irradiation in testing the radiation resistance

of aircraft materials, components, and systemse To determine the feasgiw
bility of the proposal, the effects of electron and gamme radiation on
selected organic liquids were compered. Results of this study end the
experimental work reported by others indicate that there is qualitative
similarity between electron end gamma radiation effects on simple compoundse.
Some differences in guantitative yields are observed, but these may be a
result of differences in time of irrediation rather then of differences in
radiation type.

WADC TN 57-207 December 1957
ASTIA Document No. AD 142179

0TS Keleass

SUBJECT: STANDARD INSTRUMENTATION TECHNIQUES FUR NUCLEAR

ENVIRONMENTAL TESTING
INVESTIGATOR: Walter R. Burrus, 1/Lt
ABSTRACT: The ANP sdvisory Committee for Nuclear Measuremerits and
Standards was established tc standerdize nuclear measurements for all
Air Force programs supporting the development of nuclear weapon systems,
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The first phase of this Committee's effort is nearly complete and is
concerned with the standardization of nuclear measurements for rediation
demage studies., This Technicel Note presents and discusses Committee
recomnendations for standardizing radiation damage messurements. A
minimum number of measurements were selected which can provide a consis-
tent basis for comparison of experiments and correlation of data. A
measurement of "absorbed dose® in carbon is recommended as the minimum
measurement of the gamma radiation field. In addition, determinetion of

the activation of U-238, Pu-239 (boron shielded) and sulphur is recommended
a8 the minimum measurement for nseutron radiation. Consistent units and
symbols for reporting these messurements are recommended. Additional
techniques will be recommended in the future,

WADC TR 57-212 September 1957
ASTIA Document No. AD 131063

0TS Release

SUBJECT: X-RAY EMISSION LINES AND 26 VALUES FOR LITHIUM FLUCRIDE

ANALYZING CRYSTAL
INVESTIGATOR: wW. L. Baun

R. E. Brocklehurst
ABSTRACT: A complete table of x-ray emission lines and 20 velues,
uging a lithium fluoride enelyzing crystal, is presented. This teble
includes all the lines of the K, L, and M series, order 1 to order 9.

WADC TR 57-226 November 1957
ASTIA DOCUMENT NO. AD 142093
OTS Release
SUBJECT: MEASUREMENT OF THERMAL DIFFUSIVITY OF VARIOUS MATERIALS
BY MEANS OF THE HIGH INTENSITY ELECTRIC ARC TECHNIQUE
INVESTIGATCOR: Charles Sheer Donald L. Rothacker
Lawrence H. Mead Leonerd H. Johnson
CONTRACT: AF 33(616)-3669
CONTRACTCOR: Vitro Laboretories
ABSTRACT': Studieg have been mede of the tail flame of a high-ine~

tensity electric arc to determine its suitability as a medium for testing
materials under sustained high-temperature gasecus flow. The first year
effort reported herein centered on the esteblishment of an electrode
geometry for stable operation, measurements of the temperature snd velo-
city distribution in the tail flame at varying ambient pressures, and
qualitative obgervations of the electrodynamic, magnetic and thermodynemic
properties of the tail flame.

WADC TR 53-373 Sup 5 80



The electrode geometry giving optimum flams stability
consigts of & triple cathode arrangement symmetrical with respeet to
the anode. A somewhat less favorable configuration utilizes a single
cathode forming an acute angle with the anode exis.

The axial temperature distribution in the tail flame
wag measured by spectral line reversal technigue for temperatures below
3200°K, and by spectral band analysis above this temperature. The data
obteined by line reversal show that the temperature decreases with
decreasing embient pressure and inereasing distance from the ecrater.
The spectrographic date axe currently in the process of reduction.

Flame velocity was measured by a modification of Rohloff's
method, involving a temporary interruption of the arc and obsgervation of
the downstream propagetion of the resulting disturbance by high-speed
cinematography. The velocities meesured thus far were 47, 78 and 150
m/sec at pressures of 1.0, 0.5 and 0.1 atmospheres, respectively. The
increase of velocity with deecreasing pressure is in general accordence
with classicel laws although the varietion here appears to be less than
linear, probably due to an increase in fleme diasmeter with decreasing
preasure.

Miscellaneous exploratory observetions hawe shown the
tail flame to be markedly dieamagnetic and to possess a statistical dipole
distribution of positive ions and free electrons. Also observed were
strong plesma oscillations in the order of 2 k¢ and with peak amplitudes
of 20 volts; this effect suggests the possibility of measuring charge
density of both signs in the flame.

Surface heat flux rates were measured at 1.0 and 0.l
atmospheres on copper bodies in thermasl equilibrium. The values obtained
wore L0 and 1.0 kw/cm? respectively, but it is emphasized thet further
measurements are required to corroborate these figures. The appearance
of the gaseous flow about blunt and conical wedges in the presence and
absence of coulomb potentials showed a distinct seperetion zone between
body and flame, the thickness depending on ambient pressure and electrical
poleritye This phenomenon is believed to be associated with a magneto-

hydrodynamic effect.

Finally, diffusivity measurements were made in the tail
fleme on OFHC copper and graphite plates. The data obtained thus far
agree with literature values in order of magnitude. Closer refinements
in the instrumentation and evaluation techniques appear necessary before
the tail flame can be used for measurements of this type.
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WADC TN 57-294 December 1957
ASTIA Document No. AD 142186

0TS Release

SUBJECT: DETERMINATION OF HYDROGEN IN ZIRCONIUM HYDRIDE
INVESTIGATOR: Wade H. Jones

ABSTRACT s It is now generally recogunized that control of the hydrogen

content in zirconium is importent in the manufacture, melting, fabrication
and subsequent use of the metale It is therefore highly desirable to
have a simple, rapid, precise method for determination of hydrogen in
airconiume Such a method is deseribed. It is based on the measurement

of the equilibrium pressure of hydrogen over the metal in a cloged system
under predetermined conditionse.

This report covers the analysis of thirty-five samples
of zirconium hydride with temperatures ranging from 1900°C to 1000°C
&nd collection times from 10 to 30 minutes.

WADC TN 57-298 Pt I February 1958
ASTIA Document No. 4AD 142342

0TS Release

SUBJECT: PROCEEDINGS COF THE ANP SPECTROSCOPY INFORMATION MEETING

HELD AUGUST 6-7 AT WRIGHT AIR DEVELOPMENT CENTER
INVESTIGATOR: Robert E. Brocklehurst
ABSTRACT & This report is & compilation of the unclassified papers
given at the ANP Spectroscopy Information Meeting held at Wright-Patter~
son Air Force Base, August 6 and 7, 1957 The subjects covered in these
proceedings are instrumentation for gemms and neutron spectral measure-
ments, treatment of experimental data, characteristics of secintillation
crystals, and the use of beam collinators.

WADC TN 57-308 November 1957

ASTIA Document No. AD 142095

OIS Release

SUBJECT: CRITIQUE ON THE ANALYTICAL REPRESENTATION OF SPECIFIC
HEAT DATA

INVESTIGATOR: Richard Pawel, 1/Lt

ABSTRACT : A considerable lack of agreement exists in the literature

for high temperature specific heat values, Since the majority of these
data have been obtained indirsectly through enthalpy measurements, the
problem of data treatment is added to those of the experiment. It is
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thought that the present uncertainties in the methods of curve fitting
the enthelpy data can yield misleading trends to the resulting specific
heat curves. For this reason, it appears wise to consider the final
result in the light of asimple specific heat theory and the &ccuracy and
reproducibility of the originel enthalpy data. The complexity of the
analysis should be based upon the reliasbility of the enthalpy date to
avoid *over-fitting®. It appears that in the absence of exceptionally
rrecise enthalpy data, a qusdratic expression will satisfactorily des-
eribe the data, resulting in a linear specific heat representation,
This simple representation is sometimes more compatible than those
obtained by other means.

WADC TR 57-319 February 1958
ASTIA Document No. AD 150961

SUBJECT: DETERMINATION OF THE THERMAL CONDUCTIVITY OF MIXED
AND SYNTHETIG ENGINE OILS BY THE UNSTEADY-STATE METHOD
INVESTIGATOR: E. E. Kohnke
A. R. Schmidt

CONTRACT s AF 33(616)-3544
CONTRACTOR: Oklahoma Agricultural and Mechanical College
ABSTRACT ¢ Results ere reported for the thermal diffusivities of

five mineral and synthetic oils as measured by an unsteady-state method
at temperatures between 80°F and 430°F. Maximum measurement temperatures
vary depending upon the chemical neture of the various oils.

Experimental apparatus is deseribed and methods of data
analysis discussed, A criticel evaluation of the potentialities of
unsteady-state methods in general and of the particular experimental
proecedure employed are presented. Suggestions for improvement are offered.

WADC TR 57-334 April 1958
ASTIA Document No. 4D 151163

SUBJECT s EVALUATION OF THE MECHANISMS WHICH AFFECT THE PERFQORMANCE
OF "THERMAL RADIATION RESISTANT COATINGS*

INVESTIGATOR: lLouise E. Moore Edwin H., Tompikins
Matthew Prastein Donald O. Van Ostenburg

CONTRACT s AF 33(616)=3595
CONTRACTORs Armour Research Foundetion
ABSTRACT: This is the final report on Contract AF 33(616)=3595,

ARF Project C 097, for Wright Air Development Center, covering the period
from May 1, 1956 through April 30, 1957 The theory of absorption,
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reflection, and scattering of electromagnetic radiation is presented in

a classical review and for harmonically bound electrons and spheres.

The abasorption spectra of possible pigments and vehicles are considered

in terms of incident radiation from 3000°K and 6000°K black body radiators,
with possible modification by atmospheric absorption. Although refractive
indices of vehicles are largely between l.4 and 1.7, pigments may have
high refractive indices, and calculations are made to determine indices
of pigments. In systems less than 6% pigment by volume, the statistical
distribution of the particles is lergely singly or in groups of two. Pro=-
cedures to determine the size distribution of the particles are illus~
trated with rutile. A first approximation to an optimum size distribution
is a modified black body curve. The wavelength axis, contracted by the
factor O.4), is the diameter axis for rutile in linseed oil.

WADC TR 57=334 Sup 1 April 1958

ASTIA Document Noe. AD 151164

SUBJECT's EVALUATICON OF THE MECHANISMS WHICH AFFECT THE PERFORMANCE
OF *THERMAL RADIATICN RESISTANT COATINGS*

INVESTIGATOR: C. Roland McCully F. V. Schossberger
louise E. Moore Edwin H. Tompkins

CONTRACT s: AF 33(616)=3595

CONTRACTCR3 Armour Reseerch Foundation

ABSTRACT ¢ The work covered in this report was done for the Wright

Air Development Center under Contract No. AF 33(616)-3595 over the period
from May 1, 1956 to May 1957. This report is a supplement to the Final
Reports Theory, which gives an analysis of the mechanisms of scattering
and absorption in highly-reflective paint coatings. This supplement is
intended to serve &s a guide in the formulation of reflective coatings.

The thermel sources for the emergy to be reflected were
specified in the contract to be 3000°%K and 6000°K bleck bodies, which
yield peak intensities at 1,0 micron and 0,50 micron, respectivelye The
modification of the energy distributions from these sources by atmospheric
abgorption is discussed to show how such absorption might be used to
protect an aireraft.

The optical characteristics required in vehicles and
pigments suitable for reflective coatings are summarized, and tentative
recommendations are made. For vehicles, fluoroethylenes (Kel-F, Teflon),
silicones, vinylidene chloride-acrylonitrile copolymers, and epoxy
resins are considered suitable; for pigments, rutile and colorless
silicon carbide are outstanding, but boron nitride and colorless barium
titanate also have possibilities., Since titenium dioxide is readily
available its methods of manufacture are discussed in some detail to show
how particle size and impurity content are controlled.
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On the basis of several approximations, first-order
particle size distributions required in rutile pigments for the reflection
of 3000°K and 6000°K radistion are presented. Centrifugel sedimentation
and elutriation techniques are described for the classification of pigments
and the formulation of specified size distributions. The presence of
considerable infrared in the radiations to be reflected requires the
presence of larger particle sizes than are normally present in conventional
white pigments. This is particulerly true for 3000°K radiation, where
the median particle size should be about O.45 micron instead of the 0425
micron 8ize present in commercial rutile pigments. If a coating having

a median size of Q.25 micron were exposed to 300C°K radiation, about half
of the radiation would penetrate to the base of the coating. For 6000°K
radietion the penetration would be about 20%, which is atill seriously
large.

WADC TN 57-335 December 1957
ASTIA Document No., AD 142249

OTS Release

SUBJECT's FEASIBILITY OF A GRAPHITE-CARBON DIOXIDE IONIZATION

CHAMBER TO MEASURE CARBON DOSE AT HIGH DOSE RATES
INVESTIGATOR:s Robert L. Hickmott
ABSTRACT 3 This report discusses the feasibility of designing a
graphite-cerbon dioxide ion chamber for the absolute measurement of the
carbon dose rate from a pure gamma field up to 1010 erg/g/hr. There is
insufficient date on meutron response to judge the feasibility of using
the ion chamber in mixed fields with lerge neutron componentse.

WADC TN §7-342 Januery 1958
ASTIA Document No. AD 142277
0TS Release

SUBJECT s THE QUANTITATIVE ANALYSIS OF THE FUNGICIDE 3,3'-
DIFLUCRO 4,4 ~DIHYDROXYBIPHENYL .

INVESTIGATOR: Myron L. Dunton
ABSTRACT's A quantitative method is deseribed for determining the

quantity of the fungicide 3,3'~difluoro k,4'~dihydroxybiphenyl which has
been edded to white duck clothe This method involves extraction with
methenol and subseguent ultra-violet spectrophotometric measuremente. If
also is suggested that khis method may be applied to the analysis of
other releted fungicides.
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WADC TR 57-359 September 1957
ASTIA Document No. AD 142010
0TS Release

SUBJECT s ANALYTICAL APPLICATIONS OF FAR INFRARED SPECTRA I
HISTORICAL REVIEW, APPARATUS AND TECHNIQUES
INVESTIGATCR: Freeman F. Bentley Norea Ee Syrp .
Eugene ¥. Wolfarth Wilbert R. Powell
ABSTRACT s The infrared spectrum of a molecule is one of its most
unique physicel properties, and perhaps for this resson a large emount
of gpectral date have been amessed over the last few decades. Most of
the work has been limited to the fundamental region of the spectrum
since characteristic group frequencies cepable of giving structural
information of great value and precision oceur in this region, and
because it has been the easiest region to study acecurately and rapidly.

Many characteristic group frequencies are also observed
in the long wave length region of the spectrum which are useful in
anelyticel and structural determinations. Furthermore, spectra obtained
in this region are particulerly useful in material characterization.
Slight changes in structure produce considerable changes in apectra,
giving a more specifiec "fingerprint®. Investigations in the far infrared
region have been limited due to instrumental difficulties such as high
atmospheric absorption, low energy, stray radiation, and the lack of
suiteble prism materials.

A review of the work accomplished to date in the far
infrared region is presented in this paper, and most of the evailable
literature is cited. A double beam double pass spectrophotometer
equipped with cesium bromide optics is described. This instrument
oxtends the useful spectral range to 35 microns. The general features
of the instrument's construction and its performance capebilities ere
discussed.

Conventional infrared techniques are used, and in some
instances simplified in obteining infrered spectra in the cesium bromide
region. Many common solvents such as cerbon disulfide, furan, benzene,
and dioxane, have large "open windows® in the long wavelength region
and the infrared spectra of these and other solvents are givene The
advantages of far infrared spectra, and some of the special techniguea
of obtaining infrered spectra in the cesium bromide region, are also
discussed.
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WADC TN 57-362 November 1957
ASTIA Document Noe. AD 142168

SUBJECT: RESISTANCE OF AIR CREW CLOTHING MATERIAL TO THERMAL
RADIATION
INVESTIGATOR: Ben J. Lisle
Richard L. Peckham, 2/Lt
ABSTRACT': Twelve assemblies of flight clothing materials preaently
in use were tested tc determine their resistence to thermal radiation,
The assemblies were irradiated at intensities of 10 °‘1/cm? sec and
30 °al/cm? sece The results wers evaluated with respeet to the total
amount of energy necessary to produce the visible effects of scoreh,
char, and burn., These evaluations were aimed at determining the relative
damage caused by a specific quantity of thermal energy incident upon the
asgembly.

WADC TR 57-374 Pt I November 1957
ASTIA Document No. AD 142119

SUBJECT: PHYSICAL PROPERTIES OF EIGH TEMPERATURE MATERIALS
Part I, New Apparatus for the Precise Measurement of
Heat Content and Heat Capacity from 0° to 1500°C
INVESTIGATOR: Thomas B. Douglas
William H., Payne

CONTRACT : AF 33(616)=56-21
CONTRACT(R: National Bureau of Standards
ABSTRACT : There is described in detail new apparatus for the accurate

measurement of the heet content and heat capaeity of solids &nd liquids
over the temperature range 0° to approximately 1500°C (32° to 2750°F).
For use of the "drop® method, a new Bunsen ice calorimeter and resistance-
heated furnace were designed, and have been partly constructed. The

ice calorimeter is similar to that developed earlier at the National
Bureau of Standards, but embodies several minor modifications. To achieve
regions of known and uniform temperature, the furnace was designed to

heve three concentric cores wound with 17 independently controlled wire-
heater sections. Temperatures will be measured by several platinume
rhodium thermocouples, which are arrenged to permit their periodic receli-
bration in place. After the performance of the apparatus has been tested,
the first measurexents undertaken are to be on astendard-sample synthetiec
sapphire (aluminum oxide). These data will augment the Bureau's earlier
measurements on this material from 0° to 900°C (32° to 1650°F), and permit
its use as a heat-capacity standerd up to approximately 1500°C (2750°F).
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WADC TR 57-374 Pt II August 1957

SUBJECT: PHYSICAL PROPERTIES OF HIGH TEMPERATURE MATERIALS
Part II. The Heat Capacity of Zirconium, Several
Zireonium Hydrides, and Certain Cledding Materials from
0° to 900°C; Relation to Other Thermodynamic Properties
of the Zr-H System

INVESTIGATOR:s Thomaes B. Douglas
Andrevw C. Victor

CONTRACT s AF33(616)56-21
CONTRACTCR ¢ Nationel Bureau of Standerds
ABSTRACT': Using accurate apperatus and & *drop® method, the heat

content (enthalpy) of zirconium, five zirconium hydrides (NH from le34
to L4.14), and Stainless Steel Type 316 were measured over the range from
0° to 900°C. Using the values for the stainless steel and those frog
the literature for molybdenum and niobium, the heat capacities of tyical
clad ssmples of the hydrides may be computed additively. Thermal
hysteresis of the hydrides was investigated in several cases, Corrections
were applied for the impurities in the semples measured, but the two
sets of hydrides gawe heat values believed to be somewhat inconsistent
in the range 550° to 800°C through systemstic differences in phase
compositions. The heat content data were extensively correlated with
certain published equilibrium deta for the zirconium-hydrogen system

in order to extend knowledge of the heats of hydriding, equilibrium
hydrogen pressures, and limits of soclid solubility to wider ranges of
temperature and cocmposition than those covered by direct meassurements.
The results are discussed eritically, and several structural implica-
tions are pointed oute.

WADC TR 57-375 October 1957
ASTIA Document No. AD 142029

0TS Release

SUBJECT: A METHOD FOR DETERMINING NEUTRON FLUX SPECTRA FROM

ACTIVATION MEASUREMENTS
INVESTIGATCR: Sven R. Hartmann, 1/Lt
ABSTRACT: 4 method for the determination of neutron spectra which
approximates the neutron flux by a lineer combination of the response
functions (cross sections) of the detectors used in the spectral measure-
ment is discussed. This lineer combinetion is shown to approximate the
neutron flux in the mean and to provide & caleculated activation, for each
detector, identical with that found in the experiment. Some practieal
cases are congidered herein. A set of seven cross sections are used to
approximate & fission, constant, and moncenergetic spectrum. 4 discussion
of uncertainty propsgation is given with illustrative exasmples for the
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fission and constant spectras. The integral neutron flux is also
calculated and shown to be more adequately representable than the
neutron flux.

WADC TR 57-381 February 1958
ASTIA Document No. AD 142344

0TS Release

SUBJECT: TABLES OF INTERPLANAR SPACINGS COMPUTED FOR THE

CHARACTERISTIC RADIATIONS OF COFPER, MOLYBDENUM,

IRON, CHROMIUM AND COBALT
INVESTIGAT(OR: H. J. Garrett

R. E. Brocklehurst
ABSTRACT': Computations of interplanar spacings, "d" values, obtained
from solutions of the Bragg equation n A= 24 sin & , are listed for the
radiations normally used in x—rag diffraction analysise. 4ll angular
measurements are expressed &s (2Y) values. Interplanar spacings are
calculated for the K , Kal o Kg, and Kg radiations of the elements
copper, molybdenum, iron, chromigm. and cobalt.

WADC TR 57-465 July 1957
0TS Release
SUBJECT: EFFECTS OF HIGH-ENERGY, HIGH-INTENSITY ELECTROMAGNETIC

RADIATION ON ORGANIC LIQUIDS
INVESTIGATOR: E. M. Kinderman

CONTRACT s AF 33(616)3738
CONTRACTCR ¢ Stanford Research Institute
ABSTRACT's Effective development of practical nuclear power required

that materiels be developed to withstend its attendant nuclear radiation.
For example, among the materials which must withstand radiation in &
nuclear-propelled aircraft ere hydraulic fluids and lubricants. 4
knowledge of the effects of structure on the radiation stability of
organic materials is of advantage in designing and producing such radia-
tion-resiastant hydraulic fluids and lubricants, This investigetion
attempts to provide such background information.

A geries of orgenic esters, hydrocarbons, and misc